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a single Lab-aid 
cabinet holds up to 
6500 (average) 

1” microslides. 


How can a “‘Lab-aid” filing cabinet pack 
so much in so little space? 

Look at one to see. You'll find no thick 
bulkheads between drawers, no space-consum- 
ing buttresses, no bulky tracking guides. 

Every cubic inch inside is a hard-working 
“storage inch."' The patented ‘‘Lab-aid"’ con- 
struction gets fourteen full-length drawers in 
a cabinet only 19” square. Yet, close-set as 
they are, every drawer slides straight and true, 
easily, smoothly, without binding. 

Drawers are freely interchangeable, too. 
Use 1”, 2”, and 4” capacity full-length drawers 
in the same unit, in.any arrangement you want, 


uts filing costs .. . saves floor space 


other type files 


; need up to this 
much more space 
H to hold as many. 
‘ 1 

H 
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for microslides, transparencies, lantern slides, 
cards, etc. And use any of them anytime for 
spaced filing instantly. Lift out the separator, 
and you clear the drawers for close-packed 
storage. 

Other units in the ‘‘Lab-aid" line provide 
for flat-filing microslides . . . for filing paraffin 
blocks, for ““frame-spread" transparency filing. 
All are staunchly built of heavy gauge steel, 
strongly welded throughout. All have the same 
basic 19” square dimension, so they ‘stack 
rigidly to any convenient height. 

Write for the catalog describing these 
uniquely efficient ‘‘Lab-aid" filing cabinets.. 


because every inch is a filing inch 


laboratory filing equipment 


THE TECHNICON COMPANY 
215 East 149 St., New York 51, N. Y. 
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VY Millard and King’s 


Human Anatomy 
and Physiology 


This textbook represents one of the most significant contributions in print for the teaching 
of elementary anatomy and physiology. The material is organized into five units: The 
body as an Integrated Whole; The Erect and Moving Body; Maintaining the Metabolism 
of the Body; Reproduction of the Human Body; and Integration and Control of the Body 
by the Nervous System. There are 309 clearly labelled illustrations integrated with the text. 
In each unit, a general introduction is given to define the scope of the functional area treated. 
The sequence of presentation is flexible enough to meet the needs of the individual instructor. 
By Neue D. Mitarp, R.N., M.A., Science Instructor, University of Illinois, Cook County School of Nursing, Chicago; 


and Barry G. Kino, Ph.D., Medical Division, Aviation Safety, C.A.A.; Lecturer in Physiology, University of Maryland. 
596 pages, 51.” x 7%”, 309 illustrations with 55 in color. $4.50. Third Edition. 


WY New! — Glass and Hamrum’s 
Anatomy 
and Physiology 
Laboratory Manual 


This new laboratory manual can be readily used with any standard text on anatomy and 
physiology. It features outstanding exercises, original illustrations and blank pages labelled 
“Notes” to provide space for kymograph tracings. It includes exercises on the microscope; 
the cell; mitosis; study of the tissues; study of the blood; study of the skeleton and selected 
muscles of the human body; experiments in general physiology; muscle physiology; and the 
fetal pig. The manual is up-to-date in every way, and requires materials for experiments that 
are common and readily available. 


By Artuur W. Grass and Cuartes L. Hamrum, Department of Biology, Gustavus Adolphus College, St. Peter, Minne- 
sota. 64 pages, 84%” x 11”, with 84 illustrations. $1.50. New. 


WwW. B. SAUNDERS COMPANY 
West Washington Square _— Philadelphia 5 
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4 Right Up-to-Date! 


1953 EDITION of ee CHART OF THE ATOMS, 


As revised by William F. Meggers of the U. S. Bureau of Standards 


PERIODIC CHART OF THE ATOMS th. 


Electronic The Atoms Grouped to the of (Valence) 


i124), ADEE, 126:91, “1313 

6 “ac 13291, 8 186.3) 190;2 | 2316 


me 248: 2463" 


With 1952 International Chemical Society Atomic Weights No. 4854. 
Extensively Revised To Include 
e Comprehensive Tabulation of Isotopes e The Latest Data on All 98 Elements 


@ The Most Recent Information About the Transuranic Elements Including Berkelium and Californium 
An old chart is like an out-of-date calendar—good as a record of the past but not as a current reference. 


A comprehensive 48-page key booklet is furnished No. 4854. CHART OF THE ATOMS, 1953 Edition. With 
P h a ief di formed-metal chart molding at top and bottom with eyelets 
with each chart. It contains a brief discourse on the fo; hanging, non-glare protective coating, and key booklet. 


atom and the periodic law, a bibliography, a detailed Each, $7.50 
explanation of the chart data, numerous tables and No, 4854A. CHART OF THE ATOMS, 1953 Edition. 


$ : Mounted on a spring roller within a metal case, suitable for 
graphs, and a large black and white reproduction of permanent wall aecaeng, non-glare protective goating, and 
1 


the chart. with key booklet Each, $15.00 
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The American Association 
for the Advancement 
of Science. 


HE AMERICAN ASSOCIATION FOR THE ADVANCE- 

MENT OF SCIENCE is an organization that has 
roughly fifty thousand individual members, and that 
represents affiliations with nearly two hundred sci- 
entific societies and academies. The Association has 
great potentialities for service to individual scien- 
tists, scientifie groups, to science in general, and to 
our modern democratic society. It is the deep wish 
and the firm intention of the officers of the Asso- 
ciation to do all in their power to help realize these 
potentialities. 

To move forward with constructive and wise de- 
velopments will require the best thinking of all the 
membership—hard and serious thinking, objective 
and loyal thinking. It will require imagination and 
the courage to run some risks in the attempt to serve 
great ends. We are confident that these qualities will 
be available to serve our Association. 

In a situation such as ours, there is always danger 
that some members fear that changes will be too 
abrupt and too revolutionary, while many others are 
disappointed because there seems to be no progress. 
We ask for both confidence and patience. To the 
members of the first group we want to say that there 
is not, and never has been, so far as we know, any 


Ruth C. Christman 
Acting Executive Editor 


AAAS EDITORIAL BOARD 
(Terma expire June 30, 1953) 
Bentley Glass, Acting Chairman 

Mark H. Adams Karl Lark-Horovitz 
William R. Amberson Edwin M. Lerner 
Wallace R. Brode 


Walter |. Nickerson 


F. A. Moulton, Advertising Representative 


desire to bring about change that would be disrup- 
tive either in tempo or character. To the members 
of the second group we want to say that progress 
toward the Arden House goals is necessarily and 
properly slow; even though that progress has not 
become evident as yet, or in any event has not been 
publicly acclaimed, it is occurring. 

Although it is the expressed will of the Association, 
as evidenced by the unanimous vote of the Council in 
favor of the Arden House policy, to alter, to mod- 
ernize, and to enliven the annual meetings of the 
AAAS, we wish to caution that these changes should 
be worked out sensibly and gradually, proceeding by 
trial so that it ean be assured that the meetings do 
in fact furnish that sort of inspiring contact with 
all of science which, we are sure, is desired by the 
membership. 

In particular it is clear that for the time being it 
is important to include, at the big annual meeting, 
a certain body of short reports of current research 
in specialized fields. We bespeak, for our Association 
and, particularly, for the meeting in Boston this next 
winter, a full and active participation. We pledge 
that we will do our utmost to see to it that the Asso- 
ciation, in all branches of its work, deserves your 
active support. 


Dertev W. Bronx, Retiring President 
E. U. Connon, President 
Warren WeEAveER, President-Elect 


SCIENCE, founded in 1880, is published each Friday by the American As- 
sociation for the Advancement of Science at the Business Press, 10 McGovern 
Ave., Lancaster, Pa. Entered as second-class matter at the Post Office at 
Lancaster, Pa., January 13, 1948, under the Act of March 3, 1879. Accept- 
ance for mailing at the special rate postage provided for in the Act of February 
28, 1925, embodied in Paragraph (d-2) Section 34.40 P, L. & R. of 1948. 

All correspondence should be sent to SCIENCE, 1515 Massachusetts Ave., 
N.W., Washington 5, D. C. The AAAS assumes no responsibility for the safety 
of manuscripts or for the opinions expressed by contributors. Four weeks’ notice 
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is for change of address, and an address stencil label from a recent 
issue must be furnished. Claims for a missing number will be allowed only if 
received within 60 days from date of issue. 

Annual subscriptions, $7.50; single copies, $.25; foreign postage, outside the 
Pan-American Union, $1.00; Canadian postage, $.50. Special rates to members 
of the AAAS. 

The AAAS also publishes THE SCIENTIFIC MONTHLY. Subscription and ad- 
vertising rates on 

Cable address: ApvANCESCI. 
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for photomicrography 


the easy, 
economical 
way, choose 
Visicam 
Readily attach- | 


able to any 
standard mi- 
croscope, the 
versatile Visi- 


cam provides. 


inexpensive 
35mm black & 


CHEMICALS 


NGO OVER 5100 


@ Inosine Triphosphate 
(Barium Salt) 


lodine Pentafluoride 
@ lodine Trichloride 


a-lodoacetoacetic 
Acid Ethyl Ester 


@ 2-lodothiophene 
@ 3-lodotyrosine (Sodium 
Salt) 


@ Iridium Nitrate 


@ Imidazole-4,5- 
dicarboxylic Acid 

@ Indane 

@ 1,3-Indanedione 

@ Indican Glucoside 

@ Indigo Trisulfonate 

@ Indole-3-acetaldehyde 

@ Indole-3-acetonitrile 

@ Indole-3-ethylamine 
Hydrochloride 


@ Iron Fluoride 

@ 8-Hydroxytetra- 
hydroquinoline 

@ Hydroxytetronic Acid 

Ichtozyme 

@ Idose,d 


white or color 

photomicro- 

graphs of the | 

finest quality. 
Available with roll-film carriers or our 
‘convenient “’Single-Shot” camera back. 
For write to: 


854 S. Figueroa pag Los Angeles 17, Calif. 


@ Indole-3-pyruvic Acid 

@ Indole-3-valerianic Acid 
@ B-Indolylbutyronitrile 

@ Indoxyl 


@ Indoxylpotassium 
Sulfate 
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CHROMATOGRAPHY 
DRYING OVEN 


RACKS 


- Stainless steel or glass for one | | 
dimensional chromatography. 


Amechanical convection oven 
designed for heating paper 


INDICATOR SPRAYS 


For application of indicators to 


/ chromatograms 


chromatograms. 


| curs 


All stainless stee! spring clips for 
holding chromatograms to glass rods 


The Reco 


SOLVENT TROUGHS 


— — 


For use in chromatocabs 
“or one-dimensional racks. 


ELECTRIC 


DESALTER 


For the removal of inorganic 
salts from organic and amino 
a acid solutions to be chromat- 


ographed. 


ALSO AVAILABLE: 


Densitometers .. . 
for quantitative deter- 
minations on paper 


Ultraviolet Lamps 
Pyrex Disc Chambers 
Micro Pipets 
Chromatocabs 


A General Catalogue 
of the RECO Line of 
Paper Partition 
Chromatographic 
Equipment Is 


Available on Request. 


CORPORATION 


DEPT. S - 1135 THIRD STREET, OAKLAND 20, CALIFORNIA - TWINOAKS 3-0556 


CUSTOM MADE 


TOOL FOR THE ANALYSIS - 
OF COMPLEX COLLOID SYSTEMS, AND FOR 
THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 
179 EAST 87TH STREET 
NEW YORK, N. Y. 
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TETRAZOLIUM 
SALTS 


For Cancer Research and many 
other special staining techniques, 
GBI offers the following useful 
compounds: 


Neotetrazolium Chloride 
Neotetrazolium Phosphate-2B 
2,3,5-Triphenyl Tetrazolium Chloride 
Blue Tetrazolium 


Also following dyes: 
Anthrone 


Phenolphthalein mono-beta- 
glucuronide 


For a review of Tetrazolium Salt uses 
see SMITH, F. E. SCIENCE, 113, 751 
(1951) 


A READY REFERENCE 
That will Save Time for You 


Use this catalog as a “one stop” source 
of Amino Acids, Vitamins, Carbohydrates, 
Adenylates, Nucleates, Purines, Pyrimi- 
dines, Tetrazolium Salts, Enzymes, Micro- 
biological and Bacteriological Media, 
Complete Animal Test Diets and 
Ingredients for investigational use. 


GENERAL BIOCHEMICALS, INC. 


60 LABORATORY PARK * CHAGRIN FALLS, OHIO 


Publications Received 


Field Experimentation with Fruit Trees and Other Per- 
ennial Plants. Tech. Commun. 23. 8. C. Pearce. East 
Malling, Maidstone, England: Commonwealth Bureau 
of Horticulture and Plantation Crops, 1953. 131 pp. 
10s. 

Forest Research in India. 1948-49. Part 1. The Forest 
Research Institute. Delhi, India: Government of India, 
1952. 111 pp. 13s. 6d. 

Geophysical Research Papers. No. 18. The Distribution 
of Radiational Temperature Change in the Northern 
Hemisphere During March. Julius London. 64 pp. 
Tilus. No. 20. On the Phenomenon of the Colored Sun, 
Especially the “Blue” Sun of September 1950. Rudolf 
Penndorf. 41 pp. Illus. Cambridge, Mass.: Air Force 
Cambridge Research Center, 1953. 

Heat Transfer—Atlantic City. Chemical Engineering 
Progress Symposium Series, Vol. 49, No. 5. F. J. Van 
Antwerpen, Ed. New York: American Institute of 
Chemical Engineers, 1953. 162 pp. 

Some Scale-Bearing Polychaetes of Puget Sound and 
Adjacent Waters. Marian H. Pettibone. Seattle: Uni- 
versity of Washington Press, 1953. 89 pp. +40 plates. 
$3.25. 

The Statistical Laboratory, lowa State College, Annual 
Report. July 1, 1951, to June 30, 1952. Ames, Iowa: 
Iowa State College, 1953. 28 pp. Illus. 

Studies of Arctic Foraminifera. Smithsonian Miscellane- 
ous Collections, Vol. 121, No. 7. Alfred R. Loeblich, Jr., 
and Helen Tappan. Washington, D. C.: Smithsonian 
Institution, 1953. 150 pp. Illus. 

Studies of Organic Limestones and Limestone-Building 
Organisms. Quarterly of the Colorado School of Mines, 
Vol. 47, No. 2. J. Harlan Johnson, Compiler. Golden, 
Colo.: Colorado School of Mines, 1952. vi+94 pp. 
Tilus. $1.50. 

The Teaching of Secondary Mathematics. Claude H. 
Brown. New York: Harper, 1953. 388 pp. Illus. $4.00. 

Timbers for Battery Separators. CSIRO Bull. 271. L. N. 
Clarke. Melbourne, Australia: Commonwealth Scien- 
tifie and Research Organization, 1953. 28 pp. Illus. 

To Live and to Work. 1952 Annual Report, American 
Heart Association. New York: American Heart Asso- 
ciation, 1952. 36 pp. 

Vegetable Oils: Some Observations on Recent Develop- 
ments in El Salvador, Honduras, Venezuela, and 
Brazil. Division of Agriculture and Natural Resources, 
Activity Series No. 4. Klare 8. Markley. Washington, 
D. C.: Institute of Inter-American Affairs, 1953. 18 
pp. Illus. 

Virus and Rickettsial Classification and Nomenclature. 
Annals of the New York Academy of Sciences, Vol. 56, 
Art. 3. Hilary Koprowski, Consulting Ed. New York: 
New York Academy of Sciences, 1953, 242 pp. Illus. 
$4.00. 

What Is History? Schuman’s College Paperbacks. V. 
Gordon Childe. New York: Schuman, 1953. 86 pp. 
Tilus. $1.00. 

Who Me? The Travelers 1953 Book of Street and High- 
way Accident Data. Hartford, Conn.: The Travelers 
Insurance Companies, 1953. 30 pp. Illus. Free. 

World List of Plant Breeders. Plant Production Branch. 
Rome: Food and Agriculture Organization of the 
United Nations, 1953. Free to plant breeders. 

Zoning for Truck-Loading Facilities. Highway Research 
Board Bull. 59; National Research Council Pub. 243. 

‘ Washington, D. C.: NRC, 1952. x+101 pp. Illus. $1.50. 
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Unusually versatile in use, nuclear’s “Roto- 
Matic” Model C-110 Automatic Sample 
Changer is designed with simple mechani- 
cal operation for reliability and long oper- 
ating life. This compact changer (14” x 15”) 
uses minimunr bench space, yet carries up 
to 50 samples at one time. Any number up 
to 50 can be counted, the cycle repeated, 
or background count recorded. There is 
no time lost with blank positions. All 
samples are counted while fully shielded 
by 2” of lead. 


Model C-110 operates with any scaler 
because it incorporates eight preset count 
settings. It may also be controlled by a pre- 
set time or preset count scaler, or will pro- 


Roto-Matic 


Sample Changer a 


r 
RADIOLABORATORY 
SAMPLE COUNTING 


vide preset time operation with any scaler 
and a suitable timer. The associated printer 
provides a permanent record. 


Heart of the “Roto- Matic” sample changer 
is the simple three-position “Auto-load” 
turntable which selects a sample, places it 
in counting position within the shield, and 
loads it into the storage sample magazine 
when the count is completed. Both sample 
magazines are clear plastic so that progress 
can be easily observed. Expendable sample 
carriers and the chrome-plated turntable 
make decontamination easy if necessary. 


Model C-110 Automatic Sample Changer 
is available on good delivery. Write for 
details today. 


nuclear INSTRUMENT & CHEMICAL CORPORATION 


237 West Erie Street . Chicago 10, Illinois 
Branch Offices: New York, N. Y.—Los Angeles, Calif.—Silver Spring, Md. 
Export Department: 13 East 40th St., New York 16, New York 


Cable Address: Arlab, New York 
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“PRECISION INSTRUMENTATION 
FOR NUCLEAR MEASUREMENTS” 
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MANUAL OF COMPARATIVE ANATOMY. New 2nd Edition 


By Osmonp P. Bre.anp, University of Texas. McGraw-Hill Publications in the Zoological Sci- 
ences. 256 pages, $4.50 


An ideal manual designed specifically for a year course in comparative vertebrate anatomy, this 
text has been revised and brought completely up-to-date. The classification system has been redone 
to conform with current usage, and complete step-by-step dissection directions are given. With 
discussions of both similarities and differences, there is a strong emphasis placed on the comparative 
aspects of organs and systems. 


FUNCTIONAL ANATOMY OF THE MAMMAL. New 2nd Edition 


By James W. Leacu, Ohio State University. McGraw-Hill Publications in the Zoological Sci- 
ences. 276 pages, $4.50 


A revision of this successful manual, the second edition contains many improvements made in the 
interest of clarity. Generally the arrangement of the text has not been changed; emphasis still rests 
on the organization and structural arrangements with reference to the body as a living unit. The 
treatment progresses from broad general features to specific details. 


ANATOMY OF THE CHORDATES 


By Cuartes K. Weicuert, The University of Cincinnati. McGraw-Hill Publications in the Zoo- 
logical Sciences. 861 pages, $8.00 


Carefully prepared in a readable, interesting manner, making liberal use of illuminating illustra- 
tions, this text, following a brief introduction, discusses the classification and natural history of 
the main groups of living animals making up the phylum Chordata. A chapter on development fol- 
lows; then, each organ system is taken up separately and from a comparative point of view. 500 
illustrations are included. 


ELEMENTS OF CHORDATE ANATOMY 


By Cuartes K. Weicuert, The University of Cincinnati. McGraw-Hill Publications in the 
Zoological Sciences. In press 


This excellent new text is a well-organized condensation of the author’s successful Anatomy of 
the Chordates, designed to be used in a one semester course. In briefer form, it includes a survey 
of the phylum Chordata with classification of animals within the phylum, principles of embryonic 
development introducing the germ layer concept, and a comparative study of the organ systems of 
the body. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, INC. 


330 WEST 42no STREET, NEW YORK 36, N. Y. 
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National Science Foundation Estimates for 
Scientific Research and Development 


EDERAL agencies spent $1839 million on 
scientific research and development during 
the fiseal year 1952. The corresponding esti- 
mate for the fiseal year 1953 is $2189 million. 

Amounts included in the President’s Budget of Janu- 
ary 9 for research and development total $2327 mil- 
lion for fiseal year 1954. These are preliminary esti- 
mates compiled by the National Science Foundation 
with the cooperation of other Federal agencies en- 
gaged in research and development activities. Esti- 
mates of obligations by Federal agencies for the same 
periods were also obtained. 


the National Advisory Committee for Aeronauties for 
$31 million. 

This information was compiled by the Foundation 
in connection with its continuing studies of the re- 
search and development activities of the Federal Gov- 
ernment. These reports will be of considerable value 
to many other Federal and private groups concerned 
in the administration and planning of Federal research 
and development programs. 

Agencies reporting obligations and expenditures for 
research and development, in addition to the National 
Seience Foundation, were Agriculture, Commerce, De- 


TABLE 1 


ESTIMATED OBLIGATIONS AND EXPENDITURES OF FEDERAL AGENCIES FOR SCIENTIFIC 
RESEARCH AND DEVELOPMENT IN FiscaL YEARS 1952, 1953, AND 1954* 


(Millions of dollars) 


Obligationst Expenditurest 
Agemy 1952 1953 1954 1952 1953 1954 
(Actual) (Estimate) (Estimate) (Actual) (Estimate) (Estimate) 

Department of Defense 1705 1850 1805 1315 1600 1700 
Atomic Energy Commission 229 262 281 250 292 288 
NACA 82 95 71 67 76 95 
Department of Agriculture 56 66 61 57 60 69 
Federal Security Agency 53 67 78 65 74 65 
Department of Interior 36 36 39 33 37 39 
Department of Commerce 31 23 39 28 24 39 
Other agencies 25 28 37 24 26 32 
Totalt 2216 2427 2411 1839 2189 2327 


* Source: National Science Foundation. 
+ All amounts are given by fiscal years. 
2 Column items may not add to totals due to rounding. 


Funds administered by the Department of Defense 
made up about 72 per cent of the total for 1952, eom- 
pared with 14 per cent for the Atomic Energy Com- 
mission, 4 per cent for both the National Advisory 
Committee for Aeronautics and the Federal Security 
Agency. Twenty other Federal agencies accounted for 
the remaining funds. Similar ratios are indicated in 
the estimates for the fiseal years 1953 and 1954. The 
statistics indicate that $307 million was obligated in 
fiseal 1952 for increasing existing research facilities 
or construction of new laboratories. Of this sum, the 
Department of Defense accounted for $198 million, 
the Atomie Energy Commission for $60 million, and 


fense, Interior, Labor, Post Office, State, and Treas- 
ury and the Atomie Energy Commission, Federal Civil 
Defense Administration, Federal Communications 
Commission, Federal Security Agency, Government 
Services Administration, Housing and Home Finance 
Agency, Interstate Commerce Commission, National 
Advisory Committee for Aeronauties, National Seeur- 
ity Resources Board, Office of Defense Mobilization, 
Reconstruction Finance Corporation, Smithsonian In- 
stitution, Tariff Commission, Tennessee Valley Au- 
thority, and Veterans Administration. 

The present available data are summarized in the 
accompanying table. 
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Physiologic Control of Fertility 


Paul S. Henshaw 
Planned Parenthood Federation of America, luc., New York 


HYSIOLOGIC CONTROL of fertility in higher 
forms, including man, is feasible for the fol- 
lowing reasons: 


1) In normal life there are alternate periods of 
fertility and infertility; neither ovulation nor sper- 
matogenesis occurs before puberty, and, in the female, 
ovulation occurs only once during each menstrual 
eyele, is suspended entirely during pregnancy, and 
oceurs only rarely during lactation. 

2) During the reproductive period of life indi- 
viduals may swing from normal germ cell production 
to aspermia or anovulation and then return to normal 
production again. 

3) Fertility is not essential for physical well-being, 
inasmuch as many individuals have active and satis- 
fying lives without producing sperm or ova. 

4) The reproductive system (male and female re- 
garded as one) is complex and delicately balanced. 

5) Specific events must oceur in the pituitary, in 
the ovary, in the testis, in the oviducts, in the uterus, 
and in the vagina in a well-ordered sequence if repro- 
duction is to occur. 

6) At each of these points there is a physicochem- 
ieal system of checks and balances which operate in 
a specific relation to each other to make the critical 
steps possible. 

7) A slight shift to the right or to the left of cen- 
ter—center being the limits of tolerance of agents or 
conditions which will permit the critical events to 
occur—is sufficient to prevent certain of the events 
and thus break the chain. 

8) Shifts to the right or to the left can be caused 
by providing more of normally occurring substances, 
or by adding antagonists to neutralize them. 


For the purposes of this discussion it will be as- 
sumed that reproduction begins with action in the 
anterior pituitary. This organ is responsive to ner- 
vous and hormonal stimuli and secretes, among other 
agents, gonadotropins, of which there are at least 
two: follicle-stimulating hormone (FSH), and lute- 
inizing hormone (LH). FSH, in the female, stimulates 
follicle growth, and, in the male, spermatogenesis. LH 
stimulates ovulation. There is interdependence be- 
tween FSH and LH, but the relationship is under- 
stood in general outline only. In the young adult 
female several hundred thousand ova are present in 
the ovaries. Early in the menstrual cycle FSH, arriv- 
ing by way of the blood, stimulates follicle growth; 
this action is followed by release of one or more ova 
at a time near the middle of the menstrual cycle. 


In the adult human male, sperm are formed con-— 
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tinuously in the testis at a rate depending in part 
upon available gonadotropins. Mature sperm aecumu- 
late in the epididymis. Sperm are expelled along with 
fluids from the prostate and other glands upon ejacu- 
lation, at which time the sperm become motile. The 
condition of the seminal fluid is critical with respect 
to acidity, viscosity, nutrient content, enzymes, and 
hormones; and the fluid must be of such character 
as to activate the sperm and nourish them during pas- 
sage to meet the ovum in the Fallopian tubes. 

The ovum before fertilization is surrounded by a 
cluster of ovarian cells, the corona radiata, which may 
gather certain tissue cement during the early period 
in the tubes. It is believed by some that these sur- 
rounding materials must be dispersed by enzymatic 
action before sperm can penetrate and fertilization 
can be achieved. 

The fertilized ovum is moved along the tube by 
ciliary action and by muscular contraction of the 
tubes. Rate of passage in the tubes is critical, inas- 
much as development must have proceeded to the 
proper stage when the embryo arrives in the uterus. 
Furthermore, condition of the tubular fluid is critical. 
This fluid must be suitable not only for sperm nour- 
ishment and passage, but also for nourishment and 
passage of the fertilized ovum moving in the opposite 
direction. 

Upon arrival in the uterus the developing organism 
must have reached the blastocyst stage. If the walls 
of the uterus have been properly conditioned, and a 
trophoblast formed, the trophoblast adheres to the 
uterine wall, and these two parts grow to form the 
placenta. 

During the growth of follicles in the ovaries, cer- 
tain of the follicular cells secrete estrogen. When an 
ovum erupts from the. ovary, the follicle becomes 
modified to form the corpus luteum, which secretes 
progesterone. 

Estrogen and progesterone are master hormones. 
They exert influence resulting in preparation for im- 
portant steps in the reproductive cycle. Estrogens, in 
the main, induce those conditions which insure fer- 
tilization; among other effects, they cause the tubes 
to form fluids favorable for passage and nourish- 
ment of sperm and fertilized ova. Progesterone and 
related compounds, on the other hand, tend to insure 
implantation. Under the influence of progesterone 
(after action by estrogens) the uterus becomes con- 
ditioned to receive the developing embryo. The pla- 
centa, when formed, takes up secretion of proges- 
terone—a function, which, as will be seen, has sig- 
nificance in the control of ovulation. 
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Of basic significance is the fact that both estrogens 
and progesterone suppress pituitary secretion of go- 
nadotropins—estrogen suppressing seeretion of FSH 
and progesterone suppressing secretion of LH. Early 
in the menstrual cycle, when estrogen output is low, 
pituitary secretion of FSH is free, and a new wave 
of follicles is stimulated to develop. As a consequence, 
estrogen output begins to rise, and this, in turn, stim- 
ulates the pituitary to release LH, which stimulates 
release of an ovum from one (or more) of the follicles 
more advanced in development. With quick develop- 
ment of the corpus luteum and release of proges- 


~terone, LH is suppressed, and, as a consequence, no 


other -ovulations oceur during that particular cycle 
and partially developed follicles undergo atresia. As 
the result of both estrogen and progesterone secre- 
tion, changes occur in the uterus consisting of endo- 
metrial proliferation and glandular growth. If fer- 
tilization does not occur, this growth of tissues is un- 


* necessary, and the endometrial layers are sloughed 


off at the time of the menstrual period. This cycle of 
events—consisting of the estrogenic and progesta- 
tional phases—requires a period of approximately 
28 days. 

Of interest is the fact that ovulation sometimes 
fails to occur in some individuals during the 28-day 


- eyele, and, in some, ovulation fails to take place at 


all. These conditions sometimes can be corrected by 
regulating hormone balance. Such facts justify the 
point of view that reproduction is dependent on a 


delicate system of checks and balances, and that a. 


‘ slight shift to the right or left at a critical time at 


certain locations will prevent reproduction without 
impairment to health, sexual vigor, or subsequent 
reproduction. 

Two other points are of interest. The first, already 
mentioned, is that ovulation does not oceur during 
pregnancy, because progesterone is secreted continu- 
ously by the placenta_during pregnancy. The second 
is that in certain animals pseudo-pregnancy may 
oceur as a result of sterile matings; the female in 
such cases experiences a period during which no ovu- 
lation occurs and several cycles are missed. This gives 
additional support to the view that ovulation can be 
controlled by shifts in the hormone balance. 

Turning again to the male, it is known that a shift 
in the hormone balance will reduce or stop spermato- 
genesis entirely for limited periods of time, depend- 
ing on the type and duration of treatment. 


ContTrot APPROACHES 


During the past three decades, and particularly 
during the past few years, many papers have been 
published giving leads as to how fertility can be in- 
fluenced or controlled by modification of conditions 
at one or another of the critical points. Some of the 
studies have been concerned specifically with the prob- 
lem of control of fertility, but the majority have been 
devoted to other problems such as sterility, nutrition, 
immunology, cancer, and animal husbandry. We are 
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aware of only three other attempts to bring together 
literature on this subject (7-3). 

Agents or approaches for physiologic control of 
fertility may be grouped under general headings as 
follows: hormones, anti-hormones, anti-enzymes, im- 
mune bodies, modified media, symbiotic organisms, 
dietary factors, special agents, nervous stimuli, and 
rhythm (detection of ovulation). These topies will be 
considered in order, but it should be borne in mind 
that the listing of references in each case is repre- 
sentative rather than exhaustive. 


I. Hormones: 


General Developments. Evidence that fertility ean 
be controlled by administration of hormonal agents 
became available as early as 1921, when Haberlandt 
(4) showed that the transplantation of ovaries from 
pregnant laboratory animals into mature females of 
the same species caused the latter to be sterile for 
limited periods. Haberlandt ascribed the result to the 
presence of corpus luteum hormone in the trans- 
planted ovaries. Later Seaglione (5) observed that 
temporary sterility in female laboratory animals is 
produced by implantation of male gonads and by in- 
jection of testicular extracts. Parkes and Bellerby (6) 
injected corpus luteum extract into mice and rats and 
observed inhibition of ovulation and estrus for pro- 
longed periods. 

As early as 1937 Kurzrok (7, 8) set forth a clear 
prospectus for temporary hormonal sterilization. This 
author called attention to the fact that women in good 
health sometimes have sterile menstrual cycles—that 
is, eyeles in which ovulation does not oceur. Kurzrok 
pointed out that, when ovulation is absent, the corpus 
luteum fails to form and the endometrium retains its 
post-menstrual characteristics, but that bleeding oe- 
curs cyclically about every four weeks. He noted that 
anovulatory cycles are typical during lactation and 
stressed that the anovulatory cycle is one method by 
which the organism limits its own fertility. Novak (9) 
gave further recognition to the significance of anovu- 
latory cycles in women. 

Additional strength was given to the idea of hor- 
monal control in 1927 when Frank (10) and Davis 
and Koff (11) showed that intravenous injection of 
pregnant mare’s serum into anovulatory women would 
result in ovulation, fertilization, and pregnancy. 

Editorials by Abraham Stone in the Journal of 
Contraception (12) and in Human Fertility (13) also 
set forth a picture of hormonal control of fertility. 

Sturgis (14) reported a study of estrogen therapy 
for dysmenorrhea. On the assumption that dysmenor- 
rhea is associated with ovulation and that ovulation 
ean be prevented by administration of estrogen, the 
following information was found significant in rela- 
tion to the problem of fertility control. If the first of 
a series of 6 to 12 injections was given within the first 
week after onset of the menses, the next period would 
invariably be free from uterine cramps, whereas, if 
the series was not started until two weeks after onset, 
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there was no alleviation at the time of the subsequent 
bleeding. These observations gave credence to the 
view that follicle growth can be suppressed by the 
administration of estrogens. 

A study by Cole (15) was devoted to appraisal of 
the general principle of hormone regulation in the 
body and is typical of many since the concept of hor- 
mone control was first set forth. Cole brings together 
from various sources evidence showing that estrogens, 
progesterone, and androgens act to inhibit pituitary 
secretion of gonadotropins, thereby inhibiting follicu- 
lar growth, ovulation, or spermatogenesis. 

Sturgis (16), referring to the work of others, calls 
attention to the fact that there are around 400,000 
ova in the ovaries of a young adult woman and that 
they undergo changes and disappear during the re- 
productive life. He also pointed out that, in the human 
cycle, usually only one egg escapes from the ovaries 
during each month, and that, since the reproductive 
span of a woman’s life runs approximately from the 
twelfth to the fiftieth year, not more than 500 are 
released by one woman for potential fertilization and 
the others disappear by atresia. The picture developed 
by Sturgis stresses that, in the procession of develop- 
ing follicles, there are first-rank follicles which ma- 
ture and release ova, and second-rank follicles which 
undergo some development and then degenerate. 

Evans et al. (17) demonstrated that purified lacto- 
genic hormone will induce functional activity of cor- 
pora lutea. Since corpora lutea secrete progesterone, 
which in turn inhibits pituitary release of LH, it is 
clear why ovulation rarely occurs during Jactation. 
Three articles by Byrnes and Meyer (18-20) indicate 
that in certain respects the effects of estrogen and 
progesterone are additive in inhibiting gonadotropic 
hormone secretion by the pituitary, and that the 
amounts of these agents required are small and within 
“physiologic” limits. These authors showed also that 
proportionately more estrogen is required to decrease 
FSH and to stimulate LH in the adolescent than in 
the adult and, on the basis of this observation, sug- 
gested that higher levels of FSH are an important 
factor in the attainment of sexual maturity. 

Estrogens Alone. As early as 1932 Moore and Price 
(21) administered estrogen continuously to rats over 
a period of time and demonstrated that the gonado- 
tropic potency of the pituitary is decreased. In the 
same year Meyer et al. (22) obtained similar results, 
also in rats. In 1937 Burdick and Whitney (23) in- 
jected 100 to 500 rat units of the estrogen pro- 
gynon-B, causing acceleration of the rate of passage 
of ova through the Fallopian tubes of mice and a 
consequent condition of infertility. Whitney and Bur- 
dick (24) found that single injections of 5000 rat 
units of this estrogen given after ovulation result in 
accelerated tubal passage of the fertilized ova in rab- 
bits, and that the developing ovum in the early cleav- 
age stages disintegrates within a few hours after ex- 
posure to the uterine fluids; furthermore, they showed 
(25) that 109 to 500 rat units of progynon-B given 
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to mice resulted in degeneration of the fertilized ova, 
the degeneration appearing to result from lack of 
proper sustaining fluid in the uterus, and not from 
the agent. 

Parkes et al. (26) showed that small doses of 
ethinylestradiol or diethylstilbestrol administered by 
mouth prevent implantation of the blastocyst in the 
rabbit if given soon after ovulation, or they may ter- 
minate pregnancy. The effect of the agents, it is said, 
is produced in essentially a physiological manner; the 
luteal phase of the cycle is suppressed and another 
phase is induced, which, though not abnormal in itself, 
is unsuitable for development of the embryo. These 
authors state that everything we know about the men- 
strual cycle of primates suggests that its hormonal 
control is the same as in lower animals, and it is ex- 
tremely probable that the factors governing implanta- 
tion of the fertilized egg are fundamentally similar in 
women and in lower animals. 

Hamblen et al. (27) administered diethylstilbestrol 
to women, giving doses of 2-6 mg per day on the fifth 
to the fourteenth or the twenty-fourth days of the 
menstrual cycle and observed niarked variations in the 
length and duration of cycles and in amount of bleed- 
ing. These workers stated that the alterations were due 
in part to suppression of ovulation. Thompson (28) 
presented evidence showing that menstrual blood and 
dead endometrial cells contain a factor which stimu- 
lates pituitary release of FSH. Finnerty and Meyer 
(29) studied the effects of estrogen upon pituitary 
cytology and function and found a reduction in the 
gonadotropie content of the pituitary. They also found 
that the percentage of basophile cells in the pituitary 
was decreased in direct proportion to the concentra- 
tion of estrogen administered. This, they pointed out, 
is evidence that the basophile cells of the pituitary 
are responsible for secretion of gonadotropins. The 
general picture is developed still further by Paschkis 
and Rakoff (30) in a study of the physiology of estro- 
genic hormones. 

Progesterone Alone. Haberlandt (31) administered 
corpus luteum extracts intramuscularly or orally to 
laboratory animals and observed temporary sterility. 
Dempsey (32), in a study of reproductive activity in 
the guinea pig, showed that such widely differing ex- 
perimental procedures as pregnancy, removal of cor- 
pora lutea, injection of progesterone, estrogen, testo- 
sterone, or androsterone benzoate do not influence the 
basic growth of follicles during the reproductive cycle, 
but that follicle growth is abolished completely by 
hypophysectomy; he concluded that progesterone in- 
hibits pituitary release of LH. 

Makepeace et al. (33) studied the effect of progestin 
and progesterone on ovulation in the rabbit and found 
that progesterone inhibited pituitary release of LH. 
Likewise, Astwood and Fevold (34) investigated the 
effect of progesterone on gonadotropic activity of the 
pituitary in rats and observed that this agent inhibited 


_ the release of LH. 


Burdick (35) investigated the effect of progesterone 


Scrence, Vol. 117 


on 
dai 
sta 
bu 
| tre 
ob 
me 
ste 
sit 
tir 
ti 
li 
in 
| tr 
la 
01 
es 
|_| 
» 


on ovaries and embryos of mice and determined that 
daily injections of 1 mg of this agent to female mice, 
starting on the day of mating, prevented implantation 
but that implantation was not prevented when the 
treatments were started one day later. This worker 
observed that embryos continued to grow during treat- 
ment but died within a few days after treatment was 
stopped. Corpora lutea were found to undergo regres- 
sion during treatment. 

Boyarsky et al. (36) administered progesterone to 
estrual rabbits for 10 days before experimental ovula- 
tion and observed a marked suppression of fertiliza- 
tion. Dutt and Casida (37) gave 5-10 mg of erystal- 
line progesterone daily to ewes during the active mat- 
ing season and found ovulation inhibited during the 
treatment period in all animals maintained on the 
larger dosages but in only part of those maintained 
on the smaller dosages. It was found, however, that 
estrus occurred in all animals 3 to 5 days after termi- 
nation of treatment. 

Ulberg et al. (38) studied the ovarian response in 
heifers to. progesterone injections. They gave 50 mg 
daily and found that heat and ovulation were pre- 
vented if the treatments were started before heat oc- 
eurred. Similar studies were carried out by Ulberg 
et al. (39) on gilts: 12.5, 25, 50, and 100 mg of pro- 
gesterone per day were injected, and it was found that 
the larger doses inhibited heat and ovulation during 
the treatment period when injections were started 
early enough in the estrous cycle. Bradbury (40) ad- 
ministered 5-, 50-, and 100-mg doses of progesterone 
per day to human females and found that 20 mg per 
day for one week was usually sufficient to prevent 
menstruation. 

Estrogen and Progesterone. Musser (41) stated that 
dysmenorrhea can be prevented in any cycle by pre- 
venting ovulation and that the administration of large 
daily doses of estrogen, beginning 4 days after the 
start of menstruation, will prevent ovulation. This 
author goes on to suggest that 1 mg of diethylstil- 
bestrol could be given orally, beginning the first day 
of menstruation, in such a way as to have a fertility 
control effect, and that progesterone could be given 
to bring about menstruation. 

Long and Bradbury (42) gave daily doses of 25 mg 
of progesterone plus 2.5 mg of estrogen to women and 
found a delay of menstruation of 3 to 6 weeks which 
was accompanied by decidual changes induced in the 
endometrium. Doses of 10 mg of progesterone plus 1 
mg of estrogen, 25 mg of progesterone alone, or 2-5 
mg of estrogen alone did not have these effects. 

Androgen Alone. Burdick et al. (43) administered 
large doses of testosterone propionate to female mice 
and observed rapid passage of ova through the ovi- 
ducts followed by failure of implantation. 

Ludwig (44) showed that low doses of testosterone 
propionate suppressed pituitary secretion of gonado- 
tropins, with consequent loss of sperm formation in 
laboratory animals, and that high doses, while they 
likewise inhibited the pituitary, resulted in a level of 


May 29, 1953 


androgen which stimulates the seminiferous tubules 
directly. 

Heckel et al. (45, 46) administered testosterone 
propionate (50 mg three times per week) to men and 
observed a fall in sperm count which approached zero 
level in a matter of days and which was maintained as 
long as the treatment was continued. In the work 
described the aspermic conditions were maintained as 
long as 3 months or more. After cessation of treat- 
ment recovery of sperm production occurred rapidly 
and sometimes reached levels higher than previously 
existed (“rebound” phenomena). 

These observations add strength to the view that 
testosterone and estrogen produce effects in the male 
or in the female which are similar, and also to the 
view that rate of passage of developing ova through 
the oviducts is critical. 

Other Agents — Prolactin, Hormone-Metabolites. 
Dresel (47) administered prolactin to mature non- 
parous mice and found the estrous cycle to be sus- 
pended for about 3 weeks. Similarly Lahr and Riddle 
(48) showed temporary suppression of ovarian cycles 
in rats and mice with prolactin. 

Hisaw and Velardo (49) studied the action of preg- 
nanediol (non-estrogenie fraction), which is one of 
the end products of progesterone metabolism, and 
found, in case of the decidual reaction in rats, that 
the agent was antagonistic to progesterone. This agent 
is of interest inasmuch as it is an end product of pro- 
gesterone metabolism and accordingly would not be 
expected to exert the multiplicity of physiological 
effects that would be exerted by progesterone or by 
estrogen. Being an antagonist of progesterone, it may 
be expected to interrupt fertility by prevention of 
endometrial growth and perhaps by other means. 


II. Anti-hormones: 


“Gonadotropins are protein in character and accord- 
ingly may be expected to induce antibody formation 
when used as antigens. Parkes and Rowlands (50) 
studied the inhibition of ovulation in the rabbit, using 
anti-gonadotropie serum. They found that such serum, 
obtained by prolonged injection of rabbits with ox 
anterior pituitary extract, inhibited the ovulation-pro- 
ducing activity of the antigenic extract itself. When 
the serum was administered intravenously to rabbits 
immediately after mating, ovulation, which ordinarily 
would have occurred in 10 to 12 hours, did mot oceur. 

Gegerson (51) made similar studies in rabbits and 
obtained positive precipitin reactions. These authors 
were inclined, however, to believe that the inhibiting 
substance was separate and distinct from the anti- 
protein substances obtained. Thompson (52) presents 
an even more extended study and review. 

Deutsch et al. (53) determined the time of appear- 
ance of the properties of anti-gonadotropie and pro- 


gonadotropic substances of rat serum. Sera were ob- - 


tained which had pro- and anti-gonadotropic effects 
in rabbits that had been injected with sheep pituitary 
extracts over prolonged and varying periods of time. 
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Jungek and Brown (54) administered gonadotro- 
pins to anovulatory females, with the hope of stimu- 
lating ovulation. The gonadotropins used were of ani- 
mal origin, and the patients soon developed an im- 
munity reaction to the agents being used, with the 
consequence that the agents were relatively ineffec- 
tive in inducing ovulation. 


III. Anti-enzymes: 


In 1950 Meyer and MeShan (55) made an exten- 
sive study (157 references) of hormone-enzyme rela- 
tionships. They pointed out that changes in concen- 
tration of enzymes oceur in tissues and organs under 
the influence of hormones, and that the enzyme value 
of organs and organelles should be interpreted in 
terms of enzyme levels in those organelles. 

Many enzymes are involved in the reproductive 
process, but, so far as is known, attempts to develop 
an anti-enzyme which would break a link in the re- 
productive chain have been carried out in relation to 
only one enzyme—hyaluronidase, which is present at 
higher levels in semen. 

MeLean and Rowlands (56) demonstrated that bull 
testis hyaluronidase causes dispersion of the coronal 
cells surrounding recently ovulated mammalian ova. 
Fekete and Duran-Reynals (57) extended the study, 
pointing out that crude or highly purified prepara- 
tions, known to be rich in hyaluronidase (extracts 
from rattlesnake venom, leech tissues, and testicles), 
have a very pronounced effect in dispersing the fol- 
lieular cells surrounding the ova of mice. Later, Leon- 
ard and Kurzrok (58) demonstrated dispersion of 
coronal cells surrounding recently ovulated mammal- 
ian ova with bull testis hyaluronidase. Four papers 
(59-62) indicate that normal human seminal fluid con- 
tains higher levels of hyaluronidase. Six other papers 
(63-68) show that hyaluronidase content of semen is 
roughly proportional to the sperm count. Greenberg 
and Gargill (69) and Chang (70) raise questions 
about whether hyaluronidase is carried exclusively by 
the sperm, pointing out the possibility that seminal 
fluid may carry this substance. Kurzrok (67) stressed 
that the motility of sperm is in no way related to their 
hyaluronidase content. Kurzrok attempted to utilize 
hyaluronidase to overcome sterility in human males 
but without significant success. 

Perlman et al. (71) were able to demonstrate that 
the level of hyaluronidase in the medium surrounding 
rat testis suspensions was increased by subjecting the 
cells to adverse treatments, such as freezing, incuba- 
tion, and toluene. Pineus et al. (72) showed that 
hyaluronidase inhibitors may be used in rabbits to 
prevent the follicle cell dispersing activity of sperm 
hyaluronidase, thereby preventing fertilization. 

Chang (73) raised an additional question about the 
actual importance of hyaluronidase in vivo, since in 
the clinical studies application of hyaluronidase in 
human infertility gave generally negative results. 

Martin and Beiler (74) used phosphorylated hes- 
peridin, a hyaluronidase inhibitor (20 mg/kg when 
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given intraperitoneally, or 100 mg/kg when given 
orally) and found litter size and number of litters in 
rats markedly reduced. 

Of particular interest is the fact that Sieve (75) has 
used phosphorylated hesperidin in human beings (300 
couples) for the specifie purpose of fertility control, 
and he reports clear-cut, positive results. Three times 
daily 100-200 mg of phosphorylated hesperidin jn 
tablet form was given orally to both males and fe- 
males. Ten days were allowed for the substance to 
reach saturation in both the man and the woman, after 
which no other contraceptive protection was utilized. 
The period of protection among the 300 couples varied 
from 3 to 30 months, and 220 couples bore normal off- 
spring after termination of use of the agent. Only two 
couples developed pregnancies during the periods of 
intended protection, and each of these admitted neg- 
ligence in maintaining saturation of the agent. 


IV. Immune Bodies: 


Attempts have been made to employ the principles 
of both passive and active immunity in the control of 
fertility. 

Passive Immunity. The information available is 
given under anti-hormones above. It is evident that 
immune bodies can be developed which act antagon- 
istically to gonadotropins, but, since constant appli- 
eation would be required to counteract continuous 
secretion of gonadotropins by the pituitary, it is 
doubtful that this approach will be significant from 
a practical point of view. 

Active Immunity. Spermatotoxins: Many workers 
have held the view that immune bodies could be pro- 
duced in the female of a given species by using sperm 
from the same or other species as an antigen to cause 
sperm to become ineffective upon deposit in the 
female. 

The most direct work thus far performed for 
physiologie control of fertility has utilized the prin- 
ciple of active immunity. Our bibliography contains 
sixteen references indicating positive findings of one 
kind or another (76-91). About half of these deal 
with studies in human beings. More recently Henle 
and co-workers (92-95), and Parsons and Hyde (96), 
using pure strain animals and carefully devised im- 
munological techniques, have obtained negative re- 
sults, thus raising the question of the reliability of 
previous findings. Of interest would be work with 
males to reduce the effectiveness of sperm. 

Wharton’s Jelly. Langer (97, 98) utilized erude 
extracts of Wharton’s Jelly as an antigen, attempting 
to produce immune bodies in female rats and mice 
against the formation of embryonic tissues, and found 
a significant reduction in number of litters and litter 
size. 


V. Modified Media: 


Cervical Mucus. The fluid content of the uterus is 


_ complex, and its requirements for reproduction are 


specific within narrow limits. It must be favorable for 
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the transport of sperm and also for support and 
maintenance of the blastocyst for a limited period. 
Cervical mucus is made up of secretions from the 
cervical glands, contributions from the oviduct, and 
probably also from materials drawn up from the 
vagina at the time of coitus. The mucus is comprised 
of a vast array of substrate materials, enzymes, hor- 
mones, steroids, and other special agents. Concentra- 
tion, viscosity, and acidity are critical. The complexity 
of cervical mucus and the need for information with 
respect to the physiology of the uterus have been indi- 
eated by several authors (99-109). 

Pommerenke observed that, at mid-cycle in human 
beings, the cervical mucus is increased in amount, 
acellularity, water content, and fluidity, and that, at 
this time, it is well supplied with carbohydrates and, 
presumably, amino acids. Pommerenke emphasizes 
that, because of these conditions, the sperm, on de- 
posit in the vagina, must find an environment pro- 
pitious for their nutrition and migration through the 
cervical canal. As has been pointed out above, these 
conditions are the consequence of estrogenic action. 
This author studied the effects of various hormones on 
recently castrated women. An estrogen product was 
found to stimulate cervical mucus secretion, which 
oceurs at mid-cycle in normal subjects, whereas pro- 
gesterone had no effect. The studies of Hughes (103, 
104) furnish evidence that spontaneous abortion in 
human females ean often be traced to a poorly fune- 
tioning endometrium. His studies also show that, by 
means of therapeutic procedures designed to improve 
the functional qualities of the endometrium, women 
with a previous history of several abortions can 
achieve successful deliveries. Although the potentiali- 
ties for control of fertility by modification of the cer- 
vical mucus are very great, no in vivo attempts have 
been made, so far as is known, to modify this complex 
physiology to reduce the probability of fertility. 

Tubular Fliids. Much of what has been said about 
the physiologic complexity of the cervical mucus is 
also true of the tubular fluids. Burdick et al. (110) 
have shown that, if the tubes are distended by hor- 
mone stimulation so that the ovum cannot move at the 
appropriate rate, aging proceeds too rapidly in rela- 
tion to the progress made and as a consequence im- 
plantation does not occur. 

Semen. The physiologic condition of semen is simi- 
lar to that of the ceryical mucus and the fluid of the 
tubes. Concentration of substrate materials, pH, vis- 
cosity, enzymes, and hormone content are important, 
and the conditions of all must be maintained within 
narrow limits. Mann (111-113) has carried out ex- 
tensive studies on metabolism of semen. He gives 336 
references (114). 

Bishop and Mathews (115) have shown an interest- 
ing inhibition of sperm motility by tetrazolium salts. 
They state that it is justifiable to conclude that the 
tetrazolium effect on sperm motility is not merely a 
reduction accompanying dehydrogenase activity, but 
is a physiological inhibition of a different order. 
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VI. Symbiotic Organisms: 

‘Carter and Jones (116) and Matthews and Buxton 
(117) have made studies of the bacterial flora in the 
vagina and uterus of the human female. Their evidence 
indicates that some of the organisms must be respon- 
sible for infertility, inasmuch as treatment with anti- 
bioties and elimination of certain of the species result 
in pregnancy. These observations suggest the possi- 
bility of organisms which can be transmitted from one 
individual to another for the purpose of preventing 
conception. The problem then would be merely one of 
elimination of the organisms by antibiotics for periods 
when conception is desired. Techniques are already 
known for accomplishment of this result. 


VIL. Dietary Factors: 


Much evidence indicates that reproduction is affected 
by the presence or absence of specific factors in the 
diet. The seat of action, however, is often difficult to 
identify, because the presence or absence of dietary 
elements may cause modifications at several points. 

With respect to inanition, Mason (118) and Ball 
et al. (119) studied the effects of starvation in rats 
and mice, respectively, and Smith (120, 121) observed 
the effects on human beings in Holland during World 
War IT. In all three studies fertility was reduced, but 
the reduction was apparently due to simple lack of 
nourishment throughout the entire body. 

In 1927 Evans and Burr (122) demonstrated that 
successful reproduction is dependent upon the fat- 
soluble vitamin E. Barrie (123) administered vita- 
min-E-deficient diets to rats and observed interruption 
of gestation. Evans (124) and Mason (125) observed 
fetal death, prolonged gestation, and difficult parturi- 
tion in the rat as a result of vitamin A deficiency. 

Holt et al. (126) maintained three male subjects 
on a diet deficient in arginine for 10 days. On the 
ninth day the seminal plasma of these subjects re- 
vealed a reduction in number of spermatozoa to ap- 
proximately 1/10 normal. A similar diet containing 
arginine, which followed the deficiency period, resulted 
in slow return of sperm number to the normal level. 
Hertz (127) demonstrated dietary impairment of 
estrogen response in immature monkeys. Samuels 
(128) has extensively reviewed dietary factors in re- 
lation to hormones. 

Gassner et al. (129) fed a ration of 70 per cent 
sesame meal to cockerels during the second to fourth 
weeks of age and found testicular degeneration ac- 
companied by decrease of comb growth. Supplementa- 
tion of this diet with vitamin B,, produced testicular 
growth, differentiation, and comb development equal 
to, or greater than, those in controls. Since the failure 
of growth and development observed was character- 
istie of that seen after pituitary failure to produce 
adequate gonadotropins, there is the possibility that 
vitamin B,, is required for pituitary function. 

Kendall et al. (130) observed sterility in rabbits fed 
on soy bean hay, and, on the basis of other experi- 
ments, the enzyme lipoxidase was suspected of being 
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responsible. Nelson et al. (131-133), Hertz and Tull- 
ner (134) and Thiersch and Philips (135) have shown 
that tissue growth, including embryonic growth, is 
quantitatively dependent upon folie acid, and that 
anti-folic acid agents tend to interfere with such 
growth. Thiersch (136) administered 2 mg of aminop- 
terin (an anti-folic acid agent), followed by 3 to 10 
subsequent treatments of 1-2 mg at 12-hr intervals to 
human beings (the number of treatments depending 
upon the size of the patient and the age of the em- 
bryo or fetus), and obtained spontaneous abortions in 
10 out of 12 cases. 

Nelson et al. (137), referring to previous work, 
stated that studies had shown that the addition of a 
pyridoxine antagonist (desoxypyridoxine) to a pyri- 
doxine-deficient diet resulted in a high incidenee of 
fetal resorptions when normal adult rats were placed 
on such a diet 10 to 20 days prior to breeding, and 
that supplementation with pyridoxine on the day of 
breeding counteracted the adverse effects of the an- 
tagonist. They went on to show then that pregnancy 
in pyridoxine-deficient animals could be maintained 
to a significant degree by injection of 1 ug of estrone 
plus 4 mg of progesterone daily, but not by either 
hormone separately. They stressed that the results in- 
dicate an inadequacy of ovarian hormone secretion in 
pyridoxine-deficient animals. 

Goldman (138) observed testicular atrophy and 
liver steatosis in cholesterol-fed hamsters. 

Cosla (139) states that the action of ions and en- 
zymes is as important in reproduction as that of the 
hormones, and that reproduction will fail to oceur in 
certain plant forms in the absence of trace amounts 
of magnesium. Visscher et al. (140) found that ani- 
mals maintained on diets containing trace amounts of 
certain metallic ions (Na, K, Ca, Mg) showed low re- 
productive performance, and that this condition could 
be corrected by adding «-tocopherol, or vitamin B,,. 

Gassner et al. (141) refer to the work of Mann and 
co-workers and state that in the rabbit a close rela- 
tionship exists between endocrine activity of the testis 
and the rate of fructose elaboration in accessory sex 
organs. 


VIII. Special Agents: 


Specific Compounds. Prior and Ferguson (142) ad- 
ministered the antibactericidal drug nitrofuran (20 
per cent in the diet) to rats and obtained a condition 
of complete aspermia within 1 week. Similar results 
were obtained with furacin by Friedgood et al. (143, 
144), who observed the effects in man in connection 
with cancer therapy. Nelson (145, 146) administered 
furadroxyl (1.5 mg/kg in the diet) to rats and ob- 
tained complete aspermia within 4 weeks. In all cases 
spermatogenesis returned to normal or higher levels 
after termination of treatments. 

Lithospermum, Train et al. (147), in a study of 
utilization of desert plants of the Southwest, reported 
that certain American Indians used an infusion made 
from the desert plant Lithospermum ruderale as an 
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oral agent for control of fertility, the women drinking 
a cup of this concoction once daily during periods 
when they wished not to conceive. Cranston (148) per- 
formed a series of experiments on mice and found that 
a fluid extract, mixed with normal diet, rapidly in- 
duced suppression of the estrous cycles in addition to 
lowering birth incidence in breeding females. Cranston 
suggested that the active factors derived from the herb 
act directly on the pituitary gland, suppressing release 
of gonadotropic hormones. 

Suppression of estrous cycles with Lithospermum 
has also been observed by Drasher and Zahl (149), 
Zahl (150), Cranston et al. (151, 152), Plunkett et al. 
(153), Noble et al. (154, 155), Plunkett and Noble 
(156), Zahl and Nowak (157), and Weisner and Yud- 
kin (158). Zahl observed that, whereas the sex organs 
go into a state of quiescence and increased fibrosis, 
removal of Lithospermum materials from the diet 
causes an immediate return to normal estrus and re- 
production. No deleterious effects were observed in the 
pituitary, thyroid, suprarenals, or pancreas, and only 
passive fibrosis in the ovaries or uteri. Noble et al. 
(155) found the gonadotropin of pregnant mare’s 
serum markedly susceptible to in vitro inactivation 
with crude Lithospermum extracts. This fact, ecom- 
bined with Zahl’s observation that no histological 
changes are noted in the pituitary, suggests that Litho- 
spermum may act by direct neutralization of gonado- 
tropins. Attempts to obtain purified fractions of Litho- 
spermum have not been successful. 

Oil of Pisum Sativum. Nag (159) fed rats on a diet 
containing Pisum sativum for 8 months and obtained 
no young during this interval; however, when the P. 
sativum component was replaced by P. areteneum, 
litters were obtained. 

Sanyal (160, 161) has developed an extract from 
the P. sativum which he states has fertility control 
action. 

Sulfhydryl Groups. MacLeod (162) presents evi- 
dence indicating that —SH groups play an important 
role in the energy-producing mechanism of sperm, and 
that the motility and metabolism of human sperm are 
inhibited in vitro by substances which have an affinity 
for sulfhydryl groups. 

Herbs. Historical accounts of the habits and prac- 
tices of various primitive and remote peoples fre- 
quently make reference to concoctions taken orally for 
fertility control purposes. In a separate communica- 
tion there is a list of more than 70 herbs used in such 
concoctions. Although many of these preparations 
have been dispensed by herb doctors and have been 
associated in one way or another with sorcery and 
witcheraft, it is possible that, through scientific stud- 
ies, some will be found effective. Lithospermum ruder- 
ale, dealt with above, is an outstanding example of an 
herb used by primitive groups and later found fully 
effective by scientific groups. 


IX. Nervous Stimuli: 


Many experimental and clinical observations indi- 
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cate that emotional states or other nervous stimuli 
produce changes in the female genital tract. In certain 
birds and in ferrets, light factors have been found to 
act by means of nerve pathways to induce pituitary 
secretion of gonadotropins (163), thus accounting for 
seasonal reproductivity. On the basis of these and 
other findings, commercially profitable methods of in- 
creasing egg-laying in chickens have been found. Of 
interest is the fact that nulliparous adult rats or mice 
ean be induced to lactate by foster nursing. Studies by 
Ingelbrecht (164) indicate that lactation and anovula- 
tion may result from mammary manipulation. 

In certain animals pseudopregnancy occurs. In the 
case of sterile matings or of mechanical stimulation of 
the uterine horns, corpora lutea persist in the ovary, 
and the uterine reactions simulate those which occur 
normally during the early stages of pregnancy, sev- 
eral estrous periods being missed. Anovulatory pseudo- 
pregnancy-like conditions accompany normal lacta- 
tion and induce lactation as deseribed above. In the 
rabbit, ovulation occurs as a rule only after the stimu- 
lus of coitus. Coitus may occasionally induce ovulation 
in the human female (165), and, in human beings, 
false pregnancy (pseudocyesis) is associated with 
psychic crises of various kinds (166). Friedgood (167) 
states that there is growing opinion that unconscious 
emotional conflicts constitute one of the etiological 
factors in sterility and that neuro-psychodynamie fac- 
tors are of etiologic significance in impotence and 
amenorrhea as well as sterility. 

All these conditions are initiated by nervous stimula- 
tion, including stimuli appearing to come from the 
subeonscious mind, and they offer the prospect that 
reproduction may, under certain conditions, be con- 
trolled by nervous stimuli applied at the right time 
and in the right way. 


X. Rhythm: 


Of interest from the standpoint of fertility control 
is the rhythmic occurrence of ovulation. In the human 
female ovulation usually takes place near the middle 
of the menstrual eyele. Statistically, if coitus is avoided 
during the period of the ninth through the seventeenth 
days after the beginning of menstruation, the fre- 
quency of conception is reduced. Owing to irregulari- 
ties in ovulation time in different individuals and also 
the lack of really satisfactory means of detecting the 
time of ovulation even in the same individual, however, 
use of the rhythm method of controlling fertility gives 
no real assurance of control. If a simple method were 
available that women could use to determine with cer- 
tainty when ovulation occurs, the method would be- 
come much more reliable; furthermore, the period of 
avoidance of coitus could be reduced to 2 days or less, 
since the fertilizable life of the ovum is short (36 hours 
or less. 


The suggested approaches for physiologic control 
of fertility are brought together here for more specific 
identification and for additional comment, 
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1) Estrogens and Androgens: These agents ean be 
administered orally or injected into males or females; 
they prevent pituitary secretion of FSH and thereby 
prevent follicle growth in the female and spermato- 
genesis in the male. Minimal doses, the most effective 
patterns of treatment, and the full significance of side 
effects have not yet been determined. The view pre- 
vails among clinicians that large doses of estrogens or 
androgens are required to prevent ovulation. Certain 
animal evidence suggests the possibility of control 
with dosages within the limits of the physiologic range. 

2) Progesterone: This agent ean be given to females 
and prevention of ovulation obtained; but, as in the 
ease of estrogens and androgens, minimal doses, the 
most effective treatment patterns, and the extent of 
side effects are not known. 

3) Prolactin: Prolactin, administered orally or in- 
jected into females, is believed to result in increase of 
progesterone output and in inhibition of pituitary 
secretion of LH, thereby preventing ovulation; de- 
tailed information is lacking. 

4) Pregnanediol (non-estrogenie fraction): This 
end product of progesterone metabolism is antagon- 
istie to progesterone, and its use prevents decidual 
growth and might be expected to prevent ovulation or 
implantation or both; little is known as yet about its 
practical value for fertility control. 

5) Anti-gonadotropins : Bodies immune to pituitary 
gonadotropins can be created to prevent follieular 
growth and ovulation; requirements for effective eon- 
trol and practical means of supply of agents have not 
been developed. 

6) Phosphorylated Hesperidin: This agent is be- 
lieved to act by preventing dispersion of follicular 
cells around the ovum, thereby preventing fertiliza- 
tion. Positive fertility control results based on studies 
in animals and human beings have been reported. 
Some information about dosages and patterns of treat- 
ment is available. If previous findings ean be repeated, 
further developments are needed to reduce the re- 
quired frequency of medication. 

7) Spermatotoxins: Bodies immune to the protein 
materials of sperm from the same or other species 
have been obtained; both positive and negative results 
have been obtained with respect to control of fertility 
by means of spermatotoxins. Validity of the approach 
remains in question. 

8) Wharton’s Jelly: Positive fertility control re- 
sults have been obtained in preliminary experiments 
utilizing erude extracts of Wharton’s Jelly as antigens. 
Confirmation of the results is needed. 

9) Microorganisms: Evidence indicates that bac- 
teria or yeasts, which sometimes exist unnoticed in 
the vagina or uterus, are responsible for infertility. 
Tests are needed to determine whether such organisms 
ean be transmitted from one patient to another with- 
out harm, and whether they ean be relied upon for 
fertility control. 

10) Nitrofurans—Furacin and Furadroryl: Pre- 
liminary experiments indicate that these agents stop 
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spermatogenesis in the miotic phase. More experiments 
are needed to determine their practical value. 

11) Lithospermum: Crude extracts of the desert 
plant Lithospermum ruderale are reported to have 
been used by Indians of the Southwest as oral con- 
traceptives. Animal experiments confirm the fact that 
this agent stops ovulation. Additional developments 
are needed to purify and standardize the active in- 
gredient, and to test for deleterious side effects. 

12) Extracts of Pisum sativum: Preliminary ex- 
periments indicate that substances from the garden 
pea prevent fertility. Confirmation studies are needed. 

13) Vitamin A Deficiency: Prolonged gestation and 
difficult parturition have been shown to result from 
lack of vitamin A in the diet. 

14) Vitamin E Deficiency: Successful gestation has 
been found to depend upon vitamin E. 

15) Vitamin B,, Deficiency: Testicular degenera- 
tion has been shown to occur as a result of the absence 
of vitamin B,, from the diet. 

16) Arginine Deficiency: Amino acid content in 
sperm is high. Absence of arginine in the diet has 
‘wen shown to result in formation of ineffective sperm. 

17) Folie Acid Deficiency: Folie acid is a require- 
ment for successful gestation. Anti-folic acid agents 
cause a termination of development. 

18) Metallic Ion Deficiency: Animals maintained 
on diets lacking in certain metallic substances show 
low reproductive performances. 

19) Nervous Control: Certain sensory and psychic 
stimuli interfere with the reproductive process. No 
practical methods have been developed for utilizing 
this type of information. 

20) Rhythm: If the time of ovulation is known, the 
opportunity for fertilization can be avoided. No sim- 
ple means of determining ovulation has as yet been 


developed. 


Twenty leads for physiologic control of fertility 
have been listed. Other leads could be drawn from the 
material presented, and still others could be drawn 
from literature not mentioned here. 

In a general way, the various approaches fall into 
research categories as follows: 

1) Hormone and enzyme research, involving estro- 
gens, progesterone and related compounds, androgens, 
anti-hormones, anti-enzymes, and other substances af- 
fecting the mechanism of control of fertility; also 
agents which have a highly specific effect such as the 
nitrofurans, aminopterin, and phosphorylated hes- 
peridin. 

2) Immunological research, involving studies of 
spermatoxins, Wharton’s Jelly, and the like. 

3) Symbiotic organism research, involving bacteria, 
yeasts, and other organisms which inhabit the repro- 
ductive organs and cause temporary infertility. 

4) Fluid physiology research, involving media of 
the Fallopian tubes, cervical mucus, and semen. 

5) Dietary research, involving vitamins, anti-vita- 
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mins, substrate materials, metallic ions, and special 
substances of various kinds. 

6) Neuro-hormone research, involving psychic and 
sensory stimuli acting upon the endocrine system. 

7) Rhythm research, involving the determination 
of fertile and infertile periods in the menstrual eyele. 

The work in relation to nearly all approaches divides 
naturally into four stages: 

1) Animal studies: to test the soundness of ap- 
proaches. 

2) Biochemical development: to purify and stand- 
ardize agents and make them available at low cost. 

3) Clinical investigations: to determine the reliabil- 
ity of methods in human beings, minimal doses, and 
the most effective patterns of treatment. 

4) Pilot testing: to determine methods of achieving 
utilization of fertility control procedures. 


Some of the existing leads (phosphorylated hes- 
peridin, progesterone, Lithospermum, and aminop- 
terin) are at a point of development where pilot iest- 
ing becomes a matter requiring consideration; some 
have been used in human beings for fertility control 
purposes with varying degrees of success (phosphory- 
lated hesperidin, aminopterin, spermatoxins, Whar- 
ton’s Jelly); some represent by-products of experi- 
ments carried out for other purposes; and some rep- 
resent preliminary research leads only. 
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News and Notes 


Tropical Building Design and 
Construction Symposium 


THE symposium, “Scientific Principles and their 
Application in Tropical Building Design and Con- 
struction,” held under the auspices of the UNESCO 
Science Co-operation Office for South Asia (SASCO) 
and the National Institute of Sciences of India 
(NISI), was the outcome of the collaboration of these 
two bodies, with substantial assistance from several 
technical departments of the Government of India, 
which furthermore made a generous financial contri- 
bution to its fund. 

A strong Organizing Committee, which, with vari- 
ous sub-committees was responsible for the details of 
the arrangements, was appointed with representatives 
of the Government of India in the Ministries of Hous- 
ing, Works and Supplies; Natural Resources and Sci- 
entific Research; Defense; the Council of Scientific 
and Industrial Research; and of a number of pro- 
fessional institutions and industrial organizations in- 
terested in building, construction, and housing prob- 
lems. J. L. Sarin, of NISI was the secretary of the 
committee. 

Approximately 150 delegates from India, Burma, 
Ceylon, and Indonesia, attended the symposium. For- 
eign consultants invited by UNESCO from England, 
Holland, and Israel, were present to guide its deliber- 
ations, and observers from various United Nations 
organs and specialized agencies participated in the 
meetings. 

The opening session took place in the auditorium 
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of the National Physical Laboratory of India, New 
Delhi, December 21, 1952. It was inaugurated by the 
Prime Minister of India. On this occasion, Shri K. 
D. Malaviya, Deputy Minister of Natural Resources 
and Scientific Research, 8. L. Hora, president of 
NISI, and P. C. Young, head of SASCO, also deliv- 
ered addresses. Messages were delivered by foreign 
delegates on behalf of their countries, Ceylon, Burma, 
and Indonesia; and by the representatives of ILO, 
WHO, and ECAFE. In the afternoon, leading tech- 
nical papers were read by Indian and foreign experts 
on subjects covering practically the entire field of 
the symposium. Afterwards, the delegates were the 
guests at a reception given jointly by SASCO and 
NISI. 

On subsequent days, the symposium met in five see- 
tions dealing with (1) Design and Planning, (2) Ma- 
terials, (3) Production and Building Practice, (4) 
Ancillary Services for Sanitation, Comfort, and Pub- 
lie Health, and (5) Research, Testing, Documenta- 
tion, and Technical Training. Attendance at these see- 
tion meetings was good (about 150 on the average). 
The total number of complete papers submitted was 
80, of which two-thirds were by experts from within 
the region itself and one-third from the consultants 
or other foreign specialists. Over 20 written précis of 
papers which were not, however, later communicated 
to the organizers, were also received. As far as pos- 
sible the papers were mimeographed and distributed 
beforehand. Thus most of the time at the session was 


_ left free for the discussion. One point which became 


apparent was that scientific workers and engineers in 
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this region, realizing the great complexity of the hous- 
ing problems, were alive to the necessity of doing sys- 
tematic and scientific research to solve them. 

The closing session was held on the afternoon of 
December 24, 1952. The chairmen of sections pre- 
sented their report of the discussions, summarizing 
the conclusions that could be drawn from them. These 
were adopted after some modifications proposed by the 
members. Individual participants, acting as spokes- 
men of the members present from their country, then 
gave in turn their impressions of the symposium, more 
particularly in the light of their national needs. Simi- 
larly, the observers from the various international 
agencies gave their views, indicating in conclusion the 
nature of the assistance which their organizations were 
in a position to offer to the region toward the solution 
of its housing problems. From these speeches, the ap- 
preciation of the participants as a whole in the scien- 
tifie and technical nature of the symposium was mani- 
fest. As one of the leading engineers, speaking on 
behalf of the Indian delegates, said: “The members 
had undergone a valuable and indeed stiff refresher 
course,” during the symposium; they were grateful to 
UNESCO and NISI for having brought them, engi- 
neers, architects, builders, town planners, and scien- 
tists, all together for the first time, thus enabling 
them to pool their knowledge and to exchange ideas 
and experience to their great mutual advantage. 

Side by side with, and at the same time as, the sym- 
posium, an exhibition on housing was held, which 
proved very popular, and attracted a large number 
of visitors. This included a display of building litera- 
ture and documentation, specially collected for the 
occasion from all over the world. Its usefulness was 
appreciated by all, particularly by the participants 
in the symposium itself. 

A number of films were shown which proved to be 
extremely interesting, dealing with aspects of the 
building industry and of building research. They in- 
cluded some specially loaned for the purpose by the 
British Building Research Centre. 

A program of social events for delegates and their 
wives was also arranged, including a reception at 
Rashtrapati Bhawan (Government House) by Sardar 
Swaran Singh, Indian Minister of Housing, Works, 
and Supply, and another on the spacious lawns of 
the National Physical Laboratory by the DLF Hous- 
ing and Construction Ltd. 

After the conclusion of the symposium on December 
24, a number of delegates took part in visits arranged 
for them to sites of architectural importance in the 
area, notably to Agra, Fatehpur Sikri, and Chandi- 
garh (the new capital town of Punjab under eon- 
struction) ; and in the Karnal district to a representa- 
tive number of the 4000 houses built of stabilized earth 
by the local state government several years ago, since 
when they have stood successfully the test of time. 

J. L. Sart 
National Institute of Sciences of India 
New Dethi 
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Scientists in the News 


Chester M. Alter, Dean of Boston University’s grad- 
uate school, has resigned to become Chancellor of the 
University of Denver. 


E. N. Beesley of Eli Lilly and Company has been 
elected a vice president of Health Information 
Foundation, New York. James J. Kerrigan of Merck 
and Company and W. D. Malcolm of Lederle Labora- 
tories have been appointed to the Foundation’s operat- 
ing and executive committees, respectively. 


Karl Hilding Beij, acting chief of the Hydraulics 
Section of the National Bureau of Standards, has 
retired after more than 32 years of distinguished serv- 
ice. Known for his work in hydraulies and aeronautic 
instruments, Mr. Beij holds several patents relating to 
aircraft sextants, and designed the Bausch and Lomb 
Sextant used before and during World War II. 


Howard L. Bender, Assistant Director of the Re- 
search and Development Department, Bakelite Com- 
pany, received the John Wesley Hyatt Award of the 
Society of the Plastics Industry. Dr. Bender was 
honored during the convention eruise of the Society 
on the Queen of Bermuda, in recognition of his life- 
time of research in the molecular structure of pheno- 
lie resin. 


Charles S. Cameron has been elected president of 
the Commission on Cancer Control of the Interna- 
tional Union Against Cancer. Dr. Cameron, medical 
and scientific director of the American Cancer Society, 
will sail for Europe in June to discuss plans for world- 
wide control of eancer. 


Gordon B. Carson, former engineering faculty mem- 
ber at Case Institute of Technology, has been named 
dean of the College of Engineering at Ohio State 
University, effective July 1. Mr. Carson will sueceed 


the late Charles E. MacQuigg. 


Edwin H. Dahlgren, Fish and Wildlife Service fish- 
ery biologist, has left for Djakarta, Indonesia, on a 
two-year assignment to assist with expansion of the 
cooperative fisheries development program now under 
way. Willis Horton Rich, also of the Fish and Wildlife 
Service, is recently back from a six weeks’ assignment 
in Indonesia, and has recommended the continuance 
of the cooperative program. 


August H. Doermann of the Oak Ridge National 
Laboratory has been appointed Associate Professor of 
Biology at the Biological Laboratories of the Univer- 
sity of Rochester, where he will sponsor training and 
research in virology and microbial genetics. 


Johannes Frandsen, Director of the National Health 
Services of Denmark, has been awarded the Leon 
Bernard Foundation prize by the World Health As- 
sembly, meeting at Geneva, Switzerland. Dr. Frandsen 
was honored for contributions and practical achieve- 
ments in social medicine. 
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John F. Fulton, Sterling Professor of the History of 
Medicine at Yale University, has been elected a Fellow 
of the Royal College of Physicians, London. 


J. E. Hedrick of Cornell University’s chemical engi- 
neering faculty has been appointed Assistant Dean of 
the College of Engineering at Cornell. 


T. Howard James, Research Associate at Kodak Re- 
search Laboratories, has been awarded a Davanne 
Medal by the French Photographie Society. G. I. P. 
Levenson, Harrow, England, and Mile. A. M. Venet, 
Vincennes, France, Kodak research workers overseas, 
also received Davanne medals. 


Donald H. Loughridge, assistant director for reactor 
development for the Atomic Energy Commission, has 
been named dean of Northwestern University’s Tech- 
nological Institute, effective July 1. 


Manuel Nuno has been appointed the first technical 
representative of Fisher Scientific Company in Mex- 
ico. Mr. Nuno will assist chemists, metallurgists and 
pathologists in Mexico’s growing industrial, research, 
clinical, and university laboratories. 


C. H. B. Priestley, Officer-in-Charge of the Common- 
wealth Scientific and Industrial Research Organiza- 
tion, Section of Meteorological Physics, Highett, Vic- 
toria, Australia, has been awarded the degree of 
Doetor of Science of the University of Cambridge for 
his published research on meteorology. 


David J. Rogers, Assistant Professor of Biology, 
Allegheny College, Meadville, Pa., will do field work 
in Jamaica and Costa Rica this summer, in connection 
with his study of the taxonomy of the varieties of 
Manihot utilissima. 


G. Milton Shy has been appointed Chief of Clinical 
Research of the National Institute of Neurological 
Diseases and Blindness, where he will be responsible 
for clinical research in the neurological and sensory 
disorders. The Institute has been allocated beds and 
laboratories in the Clinical Center, the new research 
facility at Bethesda, Md. 


Sir Arthur Smout has been elected a fellow of the 
Institute of Metals, London. Sir Arthur has been a 
member of the Institute since 1917, and has served as 
member of council, vice president and president. 


Arthur E. Teeri will succeed Thomas G. Phillips as 
Chairman of the Department of Agricultural and 
Biological Chemistry, University of New Hampshire, 
effective July 1. Dr. Phillips will continue in the de- 
partment. 


Charles L. Thomas, formerly manager of the Re- 
search Laboratory of the Sun Oil Company, Norwood, 
Pa., has been appointed associate director of the de- 
partment in charge of line activities at Marcus Hook, 
where Sun is currently building laboratories. 


F. M. Van Tuyl will retire as head of the Depart- - 


ment of Geology at Colorado School of Mines, effec- 


tive this summer. He will be succeeded by L. W. Le- 
Roy, Professor of Geology, and a member of the Mines 
faculty since 1942. 


W. J. Van Wagtendonk has received a grant from 
Eli Lilly and Company to investigate the steroid re- 
quirements of Paramecium aurelia in axenic medium 
and the interaction of steroids. Dr. Van Wagtendonk 
is a member of the Department of Zoology at Indiana 
University. 


Walter O. Walker, Professor of Chemistry and Di- 
rector of Industrial Chemical Research, University of 
Miami, Coral Gables, Fla., has been appointed Dean 
of the Division of Research and Industry at Miami. 
His new duties will include coordinaton of all re- 
search studies at the university. 


Education 


Dartmouth College has acquired an extensive library 
on the polar regions, assembled over thirty years by 
Vilhjalmur Stefansson, polar explorer and Arctic 
consultant to the college museum. Funds to buy the 
collection were given by Albert Bradley, executive 
vice president of General Motors and a Dartmouth 
alumnus. 


A month’s course in Medical Mycology will be of- 
fered at Duke University School of Medicine, Durham, 
N. C., in July, under the direction of Norman F. 
Conant. Meeting six days a week, the course is de- 
signed to insure a working knowledge of the human 
pathogenic fungi within the time allotted. Applica- 
tions will be considered in the order received, and in- 
formation is available from Dr. Conant at Duke. 


The fifth “March of Medicine” television program, 
sponsored by the American Medical Association and 
Smith, Kline & French Laboratories, will be broad- 
cast from the AMA meeting in New York, June 4. 
The program will honor the profession of pharmacy, 
contrasting the apothecary shop of 160 years ago 
with the prescription pharmacy of today. 


Dedication activities for the new Cancer Research 
Laboratories at Ohio State University included a Can- 
cer Symposium and an exhibit of the research being 
conducted. The dedication ceremony for the four-story 
structure, made possible by grants from Ohio, the 
U.S. Public Health Service, and the Charles Kettering 
Foundation, was held May 9. 


The Kresge Science Library, at Wayne University, 
was formally dedicated May 14. Stack space in the 
new building will accommodate the more than 50,000 
science volumes and periodicals making up the Kresge- 
Hooker collection, as well as future accessions. Study 
space will be provided for students, faculty, industrial 
research workers, visiting scholars, and advanced 
students. Harold C. Urey delivered the dedication ad- 
dress on May 15, entitled “Science and Society.” 
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Grants and Fellowships 


The California Institute of Technology has received 
a grant of $10,000 to support the work of the Com- 
mittee for Aid to War-Stricken Libraries. The Com- 
mittee, headed by Fritz Zwicky, Professor of Astro- 
pyhsies, was formulated to send unclassified scienti- 
fic material to needy libraries abroad. The foundation 
grant will be used mainly for shipping charges, since 
the literature is all donated. 


The University of Connecticut has received a 
Frederick Gardner Cottrell grant of $4962.50 from 
the Research Corporation for low temperature physics 
research. Charles A. Reynolds, low temperature phys- 
icist, will direct the supported research entitled “Ex- 
perimental Investigations of the Hydrodynamics of 
Liquid Helium II—Heat Transfer in Helium II.” 


The Fund for the Advancement of Education has 
granted 252 fellowships to college faculty members in 
the U.S., Hawaii, and Puerto Rico, for the academic 
year 1953-54. These grants, aggregating more than 
$1,400,000, are designed primarily to enable the 
recipients to become better qualified to teach in their 
respective fields, which include the humanities, the 
social sciences, and the natural sciences. 


The University of Michigan has received a grant of 
$1,000,000 from the Ford Motor Company Fund for 
construction on the Ann Arbor campus of a nuclear 
reactor to be used in nonmilitary research. The new 
reactor will be housed in the Phoenix Memorial Labo- 
ratory, for which ground will be broken this year. 


A fellowship in wood chemistry has been established 
by the Weyerhaeuser Timber Foundation at North- 
western University. Northwestern is the sixth educa- 
tional institution to be granted WTF fellowships. 


In the Laboratories 


Production of gamma globulin has begun in Armour 
& Company’s new plant at Bradley, Ill., financed by 
the National Foundation for Infantile Paralysis. 
Armour will turn over the product to the allocating 
authority for distribution from the national pool 


A new Atomic Energy Commission laboratory lo- 
cated in Winchester, Mass., is in full operation. The 
primary objective of the laboratory, operated by the 
American Cyanamid Company under contract to the 
Raw Materials Division of the AEC, is the develop- 
ment and improvement of processes for the recovery 
of uranium from its ores. All phases of mineral dress- 
ing will be studied, and one of its functions will be 
to undertake the task of developing methods for re- 
covery of uranium from low-grade uranium-bearing 
materials. 


Edison Research Laboratory scientists have de- 
veloped a heat-sensitive cable that will stand up under 
2000° F and signal an alarm if touched by flame at 
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any point. Announcement of the completion of sev- 
eral years of research was made by Henry G. Riter, 
III, President, at the opening of a new $500,000 re- 
search laboratory at West Orange. Robert H. Postal 
of the Edison research staff, in conjunction with F. 
G. Kelly, was credited with discovering the thermister 
material from which the cable is constructed. 


The Harvard School of Dental Medicine has opened 
a new addition to its building that will almost double 
the available space for research seeking the causes of 
dental disease. This research ranges from submicro- 
scopic analysis of the structure of the teeth to bio- 
chemical studies involving endocrine and nutritional 
factors in the growth and development of the face and 
jaws. 


The Merck Institute for Therapeutic Research has 
opened a new center for research. Nearly 400 scien- 
tists, educators, government officials, and business 
leaders attended the dedication ceremonies. Alan 
Gregg, Vice President of the Rockefeller Foundation, 
and Alfred E. Driseoll, Governor of New Jersey, 
were the principal speakers. 


Four staff engineers at Monsanto Chemical Com- 
pany have been appointed assistant directors in the 
General Development Department. Promoted to the 
new posts were: Robert H. Kittner, C. Rogers Me- 
Cullough, David S. Weddell, and Robert York, Jr. 


A new plant of the Union Carbide and Carbon 
Corporation has been opened at Institute, West Vir- 
ginia. This is the first commercial plant in the world 
to produce chemicals directly from coal. 


Meetings and Elections 


The American Academy of Arts and Sciences, at its 
Annual Meeting in Boston, elected 97 new Fellows and 
five Foreign Honorary Members. Elected as officers 
for the coming year were: president, Edwin H. Land 
of Polaroid Corporation; vice president for mathema- 
tical and physical sciences, Francis Birch, Harvard 
University; vice president for biological sciences, 
James M. Faulkner, Boston University School of 
Medicine; vice president for social arts and sciences, 
Edwin D. Canham of the Christian Science Monitor; 
vice president for humanities, John E. Burchard, 
MIT; secretary, William C. Greene, Harvard; treas- 
urer, Horace S. Ford, MIT; and librarian and editor, 
Taylor Starck of Harvard. 


D. 8. Gilmore of the Upjohn Company, Kalamazoo, 
Mich., was re-elected president of the American Drug 
Manufacturers Association at the annual meeting at 
Boca Raton, Fla., April 15. Elected vice presidents 
were: W. L. Dempsey, of Sharp & Dohme; J. H. F. 
Dunning, of Hynson, Westcott and Dunning; T. G. 
Klumpp, of Winthrop-Stearns; and E. H. Volwiler, 
of Abbott Laboratories. M. C. Eaton, of the Norwich 
Pharmacal Company and Eaton Laboratories, was 
elected treasurer. 
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More than 3000 leading biologists from the Western 
Hemisphere will present some 2000 papers on their 
scientific findings and will conduct eight symposia on 
major biological problems at the annual convention of 
the American Institute of Biological Sciences at the 
University of Wisconsin, Sept. 6-10. 


New officers of the American Psychosomatic Society 
include: president, George L. Engle; president-elect, 
Lawrence S. Kubie; and secretary-treasurer, Theo- 
dore Lidz. Robert A. Cleghorn, Jacob E. Finesinger, 
and Jurgen Ruesch were elected to council positions. 


A conference was held at Amherst College May 4-6 
to discuss the status of physics research in colleges 
not offering graduate work. The conference was spon- 
sored jointly by the National Science Foundation and 
Amherst College, and Theodore Soller of Amherst 
was chairman. There were 25 in attendance, repre- 
senting colleges of various types in all regions of the 
country. The conferees agreed that doing research in 
colleges was helpful in carrying out the educational 
functions of the college. It was recommended that the 
Federal Government consider special research grant 


or contracts in colleges, directly for research and in | 


directly to improve the training and education of 
physies students. In addition to Dr. Soller, the com- 
mittee included: W. C. Michels, Bryn Mawr College; 
K. S. Van Dyke, Wesleyan University (Conn.) ; 
Mildred Allen, Mt. Holyoke; C. A. Fowler, Pomona 
College; R. R. Palmer, Beloit College, and J. H. Me- 
Millen, NSF. 


A new organization, the Association of University 
Anesthetists, has been formed to advance the art and 
science of anesthesia by encouraging original investi- 
gations, by developing methods of teaching, and by 
such free and informal interchange of ideas as a 
limited membership and common aims make possible. 
The organizing committee included physician anesthe- 
tists from Columbia, Harvard, Minnesota, Pennsyl- 
vania, Tufts, Vanderbilt, and Wisconsin. Additional 
anesthetists have been elected from these universities, 
and from the following medical schools: Albany, 
Boston, Cornell, Duke, Georgia, Johns Hopkins, New 
York, New York State, Oregon, Rochester, Texas, 
Tulane, Washington, Wayne, and Yale. 


The Northeastern Section of the Botanical Society of 
America will hold its seventh annual summer excursion 
in the Adirondack Mountain area of New York June 
16-19. Headquarters will be at Champlain College in 
Plattsburg. Information may be obtained from Dr. 
E. C. Ogden, New York State Museum, Albany. 


The Safety Awards Committee of the Joseph A. 
Holmes Safety Association has approved 527 awards 
to individuals and companies for the promotion of 
safety in the mining, mineral, extractive, and related 
industries. The Hero Award Committee also approved 
9 Medals of Honor and 2 Certificates of Honor for 
individuals who were instrumental in saving life or 
avoiding injury. 
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The National Advisory Councils, nonfederal groups 
that advise the Public Health Service, will meet twice 
a year instead of three times. The meetings will be 
held in June and January at the National Institutes 
of Health, Bethesda, Md. One of the principal fune- 
tions of the Councils is to advise the Surgeon General 
with regard to research, teaching, and training grants. 
The National Institutes of Health Study Sections, 
which provide the Councils with advice on grant ap- 
plications, will also meet twice a year, in April and 
November. Applications received by August 15 will be 
considered at Council meetings in January, 1954, and 
those received by January 15 will be considered in 
June. 


Three new members have been appointed to the 
National Research Council of Canada, and three retir- 
ing members have been reappointed. New members 
include R. F. Farquharson, University of Toronto, 
and E. G. D. Murray and David L. Thomson, McGill 
University. The Council members who have been re- 
appointed are C. W. Argue, University of New 


Brunswick, A. G. MecCalla, University of Alberta,) 


and G. M. Shri, University of British Columbia. 
The next scheduled meetings of the Scientific Ad- 
visory Committees to the Division of Biological and 
Medical Sciences of the National Science Foundation 
will be held in late autumn, 1953. To be considered at 
these meetings proposals for research support must 
be received by the Foundation prior to Oct. 1, 1953. 
It is anticipated that evaluation of proposals will be 
completed within two months after the closing date. 
The Foundation sponsors basie research in the bio- 
logical and medical sciences in the broad fields of 
molecular, genetic, developmental, regulatory, sys- 
tematie, and environmental biology, and in experi- 
mental psychology. 


The Summer Seminar in Statistics will meet at the 
University of Connecticut, Aug. 10-28. The first week 
will be concerned with statistical method in physies, 
the second with statistics in biometry and medicine, 
the third with the ASA Handbook and with perform- 
ance and reliability of complex mechanical assemblies. 
The sessions may be attended for a day, a week, or 
other period. Information may be obtained from Prof. 
Geoffrey Beall, Statistical Laboratory, University of 
Connecticut, Storrs, Conn. 


The sixth annual Symposium on Crystal Chemistry 
as Applied to Ceramics will be held at the Massachu- 
setts Institute of Technology on June 18. William D. 
Kingery, Assistant Professor of Ceramics at MIT, is 
in charge of arrangements. 


A new Tobacco Research Advisory Committee has 
been appointed by the Board of Control of the Con- 
necticut Agricultural Experiment Station. Made up 
of prominent tobacco growers, representing all phases 
of the industry, the committee was formed to consult 


_with the Station on policy to be followed on future 


research. Meeting with the committee were board 
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members John Lyman, vice president, James G. Hors- 
fall, director, and William L. Slate, the Station’s di- 
rector emeritus and acting head of the Tobaeco Lab- 
oratory at Windsor. 


Officers of the West Viriginia Academy of Science 
for 1953-54, elected at the annual meeting held at 
Morris Harvey College, Charleston, are: president, 
E. E. Myers; vice president, Robert C. Colwell; sec- 
retary, J. T. Handlan, Jr.; treasurer, H. D. Bennett. 


At the World Health Organization meeting in 
Geneva in May, Murehad Khater, Minister of Health 
of Syria, was elected president. Vice presidents elected 
were Saiful Anwar of Indonesia, Roberto Caceres 
Bustamente of El Salvador, and Melville D. Macken- 
zie of Britain. The Director-General, Brock Chisholm 
of Canada, will be sueceeded by M. G. Candau of 
Brazil. Dr. Chisholm’s five-year term expires on July 
21. 


Miscellaneous 


The American Museum of Natural History has 
opened Brontosaur Hall, a newly designed exhibition 
of life on earth more than two hundred million years 
ago. The hall, which contains the world’s largest collec- 
tion of early fossil amphibians and reptiles, was under 
reconstruction for more than a year. Scientists, artists, 
and craftsmen combined their efforts to create a dra- 
matie setting in which to tell the story of life millions 
of years before the earliest man. 


Consultants Bureau, 152 W. 42nd St., New York, 
will publish separate tables of contents to each issue 
of the English translation of the following Russian 
chemical journals: The Journal of Analytical Chem- 
istry; the Journal of Applied Chemistry; the Journal 
of General Chemistry; the Bulletin of the Academy 


of Sciences of the U.S.S.R, Division of Chemical Sci-- 


ence; and Colloid Journal. The tables of contents will 
be mailed without charge if requested on an official 
letterhead. Any paper listed may be purchased for 
$7.50. 


John Behnke, Associate Administrative Secretary, 
served as AAAS representative at‘the dedication of 
the Ford Motor Company Archives at Fair Lane, the 
late Henry Ford’s home in Dearborn, Mich. The cere- 
monies were part of the celebration of the Golden 
Anniversary of the Ford Motor Company. A staff of 
researchers are sorting and cataloging some 5,000,000 
letters and company papers and 25,000 photographs. 
A unique feature is the recording of interviews with 
those who have had some part in the Company’s de- 
velopment or in the lives of Henry and Clara Ford. 
Of the 300 to 500 people to be questioned, some 225 
have already recounted their recollections, and the 
total will amount to some 13,500,000 words. Recorded 
on tape, transcribed, and then carefully edited, each 
participant’s material forms a bound volume in its 
chronological niche in the reference room of the 
Archives. In addition, the Archives library includes 
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7500 books and 187 volumes of newspaper clippings. 
The visitors were also shown the Scientifie Laboratory 
where, during the first year of its operation, over 140 
scientists and engineers have been assembled to con- 
duct basie and applied research. 


The New York Zoological Society has appointed Me- 
Graw-Hill’s Text-Film Department as the distributor 
of its current and future films. Four 10-minute films 
dealing with mammals, birds, and fish in the Bronx 
Zoo and the New York Aquarium are now available 
in black-and-white and color. Ten other films on rep- 
tiles, African mammals, baby animals, and great zoo- 
logical rarities are planned by the Society for dis- 
tribution in the next two years. 


The 200th anniversary of the publication of Species 
Plantarum, by Carl Linnaeus, or Carl von Linné, was 
observed May 19 by an international group of botan- 
ists in Cambridge, Mass. The plan for the jubilee 
originated in the Netherlands, where Linnaeus’ system 
for the classification of plants was originally accepted, 
and where the International Bureau for Plant Tax- 
onomy and Nomenclature is now publishing a special 
issue of its magazine, Taxon. 


The U.S. Atomic Energy Commission has awarded 
a total of 37 unclassified physical research contracts 
with universities and private research institutions dur- 
ing this year. The contracts, which generally were for 
a term of one year, were let as part of the AEC’s 
policy of fostering private research to encourage 
maximum scientific progress in fields related to atomic 
energy. All the contracts are for basic, rather than 
applied, research. Contract proposals are reviewed by 
scientists, and participating institutions assist in de- 
fraying the costs of research when it is of mutual 
interest. 


Seven employees and two work units of the U.S. 
Department of Agriculture have received Distinguished 
Service Awards, 105 employees and 13 work units have 
received Superior Service Awards, and 46 workers 
were given recognition for 40 years or more of service. 
The Department’s highest honor, the Distinguished 
Service Award, will go to Fred C. Bishopp, Bureau 
of Entomology and Plant Quarantine, Washington, 
D. C.; Sterling B. Hendricks, Bureau of Plant In- 
dustry, Soils and Agricultural Engineering, Belts- 
ville, Md.; Allene R. Jeanes, Bureau of Agricultural 
and Industrial Chemistry, Peoria, Ill.; Henry A. 
Jones, Bureau of Plant Industry, Soils and Agricul- 
tural Engineering; Joseph M. Mehl, Commodity Ex- 
change Authority, Washington, D. C.; Ernest R. 
Sasscer, Bureau of Entomology and Plant Quaran- 
tine; and R. W. Trullinger, Office of Experiment Sta- 
tions, Washington, D. C. The two work units receiy- 
ing the highest honor were the Animal Fat Oxidation 
Unit, Bureau of Agricultural and Industrial Chem- 
istry, Wyndmoor, Pa., and the Project on the Action 
of Diisopropyl Fluorophosphate on Esterolytie En- 
zymes, Bureau of Agricultural and Industrial Chem- 
istry, Albany, Calif. 
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Technical Papers 


Effect of Gamma Irradiation on the Ascorbic 
Acid Content of Green Plants? 


Anson R. Cooke 
Department of Botany, University of Michigan, Ann Arbor 


During the summer of 1952 a preliminary investi- 
gation of the effect of gamma irradiation on the as- 
corbic acid content of plants was undertaken. As it 
is, at this time, impossible for the writer to continue 
with this work the results of these experiments are 
presented now. 

The effect of continuous irradiation on ascorbic acid 
content was studied by growing the plants near a 
source of constant gamma rays. The plants were ir- 
radiated continuously, except for short periods of 
time during the day when it was necessary to enter 
the gamma field to collect material. Snapdragon 
plants, varieties rose queen and afterglow growing in 
pots, were placed 1.3 meters from a 300-curie Co*° 
source. The gamma irradiation at this distance as 
measured by victoreen r-meter cobalt chambers was 
found to be approximately 5000 r/day. The control 
plants received no gamma irradiation. Total ascorbic 
acid was determined periodically by the method of 
Roe and Oesterling (1). The effect of chronic gamma 
irradiation on the ascorbic acid level in these plants 
is shown in Table 1. 


TABLE 1 


EFrect oF CHRONIC GAMMA IRRADIATION ON THE 
AscorBic Acip CONTENT OF SNAPDRAGON 
PLANTS 


Ascorbic acid level in irradiated 
plants expressed as percentage 


No. of da 
ys increase over controls 


in gamma field 


var. rose queen var. afterglow 


2 + 4.5 -13.8 
3 + 5.7 +10.7 
5 + 24.5 
7 +12.4 
9 + 69.4 +514 


As can be noted from the data there was a rise in 
ascorbie acid content of the plants with time for a 
period after the start of irradiation. This rise in as- 
corbate was noted before there was any visible dam- 
age to the plants. The plants did show radiation 
damage after a longer period of time. A rise in ascor- 
bie acid content was also noted after an acute dosage 
of x-rays. The relation of x-ray dosage to increase in 
ascorbic acid content is given in Table 2. In this ex- 
periment Biloxi soybean plants were exposed to vari- 
ous dosages of x-rays which were administered at the 

2 This work was carried out at Brookhaven National Labo- 


ratory, Upton, L. I., N. Y., while the author was research 
collaborator. 


588 


rate of 1000 r/min. The x-ray machine was operated 
at 250 kv and 30 ma, with a filter of 1 mm of alumi- 
num. After irradiation the exposed plants were placed 
in the greenhouse with the control plants. 


TABLE 2 


EFFECT OF VARIOUS DOSAGES OF X-RAYS ON THE AScor- 
BIC ACID CONTENT OF SOYBEAN PLANTS 


Ascorbic acid content in irradiated plants 


No. of days expressed as percentage increase over 
after controls 
irradiation 

1000 r 4000 r 16000 r 

2 -10.1 -10.1 - 41 

3 - 4.5 +19.5 + 9.1 

5 + 83 + 18.6 + 33.8 

10 + 9.5 + 12.9 + 28.4 


From these and other preliminary experiments it 
would appear as though the immediate effect of irra- 
diation is a drop in the ascorbate level of the plants. 
This is followed a few days later by a rise in the as- 
corbate level, followed some time later by a second 
decrease in ascorbic acid content. The cause of these 
increases in ascorbate upon irradiation has not been 
further investigated. The increase might possibly be 
due to a decrease in activity of enzymes bringing 
about the oxidation of ascorbic acid. Weber and Gor- 
don (2) were able to show a significant increase in 
indoleacetaldehyde following x-irradiation and at the 
same time a decrease in the ability of an enzyme to 
convert indoleacetaldehyde to indoleacetic acid. 

Ascorbic acid is one of the naturally occurring 
compounds in biological systems that appears to offer 
some protection against irradiation. Gordon and 
Weber (3) showed that ascorbic acid protected solu- 
tions of indoleacetic acid from irradiation. Giri (4) 
showed that isolated enzyme systems were protected 
by ascorbic acid, and Caffaratti (5) was able to show 
that injection of ascorbie acid into the blood stream 
of rats protected these animals from whole body irra- 
diation. However, the rise in ascorbic acid content 
following irradiation of plants as noted in these ex- 
periments did not further protect these plants against 
irradiation damage. An interesting phenomenon noted 
during the course of these experiments, however, was 
the apparent correlation between the initial ascorbic 
acid content and the relative resistance of a plant to 
irradiation. This was especially noticeable in that 
part of the work where plants were grown under con- 
stant gamma irradiation (6). Table 3 shows the rela- 
tive resistance of a plant to irradiation and the nor- 
mal ascorbic acid content of that plant. 

Table 3 suggests that there may be some currelation 
between the normal ascorbie acid content of a plant 
and the sensitivity of that plant to irradiation. Many 
more species of plants should be examined, however, 
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TABLE 3 


Ascorsic Acip CONTENT AND THE RELATIVE 
RESISTANCE TO IRRADIATION 
(In mg/100 g fresh wt) 


Moderately Low 

Species Resistant resistant resistance 
Cabbage 200-300 
Gladiolus 300-400 
Soybean 120-150 
Snapdragon 100-120 
Cosmos sulfureus 90-100 
Nicotiana rustica 50- 60 
Xanthium spp. 70-100 
Hyoseyamus niger 30-— 40 


before a definite conclusion ean be safely drawn. This 
ability to resist irradiation depends on the plant’s nor- 
mal ascorbic acid content and not on the increase in 
ascorbate upon irradiation. From these experiments it 
appears that ascorbic acid may offer a protecting 
action against irradiation in plants. 
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The Ultraviolet Microscopy of the Living 
Cell’s Response to Lethal X-Radiation* 


P. O’B. Montgomery and Shields Warren? 


Cancer Research Institute, New England Deaconess 
Hospital, Boston, Massachusetts 


The development of the Polaroid color translating 
ultraviolet microscope by Land and co-workers (1) 
has brought to biology and medicine a tool capable 
of following the nucleoprotein changes in living cells 
subjected to lethal doses of x-radiation. This paper 
presents the data obtained when tissue cultures of 
Walker rat carcinoma 256 cells are given a lethal 
dose of x-radiation and then photographed with the 
Polaroid color translating ultraviolet microscope for 
intervals up to 120 hr.® 

The technical aspects of the Polaroid color trans- 
lating ultraviolet microscope have been published 

1This work was done under U. S. Atomic Energy Commis- 
sion Contract AT (30-1)-901 with the New England Deaconess 
Hospital. 

?We wish to acknowledge gratefully the technical assist- 
ance of Mrs. Staples, Miss Swaffield, Mr. Burns, and Miss 
Crozier; and to thank E. H. Land, E. R. Blout, and R. J. 
Barrnett for their advice and encouragement. 

*The ultraviolet photographs were taken on the Polaroid 


color translating ultraviolet microscope in the Research Di- 
vision of the Polaroid Corporation, Cambridge, Mass. 
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elsewhere and will not be diseussed here (1—3). Such 
data as those given in the following paragraph, how- 
ever, are pertinent to the experiments reported. 

U-V source: High-pressure AH-6 mercury are oper- 
ated at 600 volts 

Wavelengths: 281 mp, blue filter; 261 mu, green 
filter; 250 mu, red filter 

Band-width at half height: 5.3 mp 

Objective: Polaroid-Grey No. V, N. A. 0.72 

Condenser: Polaroid-Grey No. V, N. A. 0.72 

Diameter of specimen area illuminated: 75 

Original magnification to film: 210 x 

Film type: Kodak Spectrum Analysis #1 

Rapidly processed with D-8 developer diluted 2 :1, 
at 90° F for 7 seconds 

Specular gamma: 1.70 

All photographs reported in this experiment gave 
a background density of approximately 2.20 density 
units. 

All x-radiation was given by a General Electric 
Maximar therapy unit, 200 kv, 10 ma, inherent filtra- 
tion 3 mm aluminum, target distance 20 em. 

The tissue culture preparations were made from a 
suspension of Walker rat carcinoma 256 cells in a 
nutrient medium composed of 10% embryo extract, 
50% human ascitic fluid from a cirrhotic patient, and 
40% Hank’s balanced salt solution. The suspension 
was made by excising small pieces of tumor from 
subcutaneous transplants, and then grinding the frag- 
ments lightly with several applicator sticks while they 
were suspended in medium. One drop of this suspen- 
sion was then placed on half of a Vycor cover slip, 
the other half of the cover slip was placed on top, 
and the excess fluid was removed from the edges. 
The two halves of the Vycor cover slips were then 
placed in roller bottle flasks as flying cover slips, with 
sufficient medium added just to cover them. In this 
type preparation the surface tension of the cell sus- 
pension is sufficient to prevent the cover slips from 
separating, while medium is permitted to diffuse 
slowly between. In this fashion the cells maintain a 
continuous population which covers the area between 
the cover slips. One-half of the medium was renewed 
every 3 days. The Slonaker rats in which the tumor 
was carried subcutaneously were treated with peni- 
cillin, and penicillin was added to all cultures. The 
cell suspensions were made from tumors which were 
from 10 to 15 days old. All flasks were kept in the 
ineubator at 37.5° C. 

It was determined that approximately 90% of the 
cells were carcinoma cells by means of supravital 
stains with Janus green and neutral red, as well as 
such fixed stains as Wright’s and Giemsa’s. The re- 
mainder of the cells were macrophages. 

In all cases the tumor was cultured the day pre- 
vious to x-radiation, and control cultures made and 
carried under identical circumstances. The day of 
phetography the cultures were washed with balanced 
salt solution by substituting it for the medium for 
30 min. The double cover slips were then mounted on 
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Fic. 2. Walker rat carcinoma cells 72 hr after 60,000 r. 


Vycor slides and sealed with a paraffin petroleum 
jelly mixture. The photographs were thus of living 
cells suspended in balanced salt. Except during the 
process of photography, the preparations were kept in 
the incubator. The ultraviolet absorption densities of 
the preparations did not change during the 6-hr 
period in which the cells were mounted on the Vycor 
slides. 

All radiated cultures were given from 47,000 to 
60,000 r. This dose was determined as an approxi- 
mately lethal dose for these cells under these condi- 
tions by two means. (1) This is three times the dose 
necessary to kill the tumor in the rat. (2) Previous 
cultures were set up and irradiated under similar eon- 
ditions from 500 to 100,000 r; and 47,000 to 60,000 r 
determined as the optimum minimal lethal dose. Sixty 
thousand roentgens is sufficient to cause disappear- 
ance of 98% of the cultured cells within 10 days. 

The fields to be photographed were selected at ran- 
dom and a minimum of four fields were photographed 
on each preparation reported. These fields were al- 
ways in different quadrants of the slide. Each field 
was photographed six times in a space of no more 
than 5 min. In no case were cells exposed to ultra- 
violet light rephotographed at a later interval. 
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Irradiated preparations and their corresponding 
controls were photographed at the following time in- 
tervals, beginning with 0 time as the time of the end 
of irradiation: 30 min, 3 hr, 6 hr, 24 hr, 48 hr, 72 hr, 
and 120 hr. 

In all, a tota! of 160 fields were photographed in 
36 preparations. 

Figure 1 is a photograph of a typical field in a 
control preparation. In all the viable control prepa- 
rations through 120 hr, cells identical with these were 
present in all the fields photographed. Similar cells 
were likewise present in every field of every x-radi- 
ated preparation up to 48 hr. Indeed up to this point 
the controls and the irradiated cultures could not be 
distinguished. Figure 2 is a typical photograph of a 
field from an x-radiated culture at the end of 72 hr. 
This photograph is indistinguishable from all other 
fields photographed in the x-radiated preparations at 
48 hr, 72 hr, and 120 hr—with only one exception. 
This exception was one cell in one field of one 48-hr 
preparation which showed an absorption density ap- 
proximately halfway between Figs. 1 and 2. 

It is of some interest to note that the control and 


-irradiated cultures could not be distinguished at any 


time with a conventional light microscope. 
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From the two photographs one sees at once the 
striking loss of absorption in ultraviolet light typical 
of all the cells in the x-rediated preparations examined 
from 48 hr through 120 hr. This loss of absorption is 
present in both the cytoplasm and the nucleus, and 
the clearly defined structures, which absorb so beauti- 
fully in the normal cell, are virtually completely ab- 
sent in the second figure. Together with this change, 
one gains the impression here—as in the other pho- 
tographs—that the nuclei of the irradiated cells are 
swollen. No attempt was made to define in more pre- 
cise terms this impression, as sufficient data and tech- 
nieal methods are not available to establish this point. 

It should be pointed out here that if one photo- 
graphs dying control material a picture similar to 
Fig. 2 is obtained—indicating that at these wave- 
lengths the ultraviolet absorption picture of the proc- 
ess of cell death is the same in radiation cell death 
and cell death due to other factors. 

These photographs are reproduced in black and 
white; when color translated, the black areas appear 
green, with some gentle shading of yellow and red in 
the cytoplasm. Clearly visible in color are the cell 
borders, the cytoplasm, the nuclear membranes, nu- 
eleoli, and chromatin. As shown by Caspersson, in- 
tense absorption of ultraviolet light at these wave- 
lengths is characteristic of nucleoproteins, both RNA 
and DNA, and in fact represents in the main absorp- 
tion by the purine and pyrimidine components of the 
nucleic acids (4). 

From these data we are able to say that the ultra- 
violet light absorbing cell structures in these prepara- 
tions do not change from normal as determined by the 
Polaroid color translating ultraviolet microscope until 
48 hr after 60,000 r of x-radiation. From 48 hr 
through 120 hr they undergo a profound change. 

This profound change—quantitatively and quali- 
tatively the same from 48 hr on—is reflected in the 
striking contrast between the photographs in Figs. 
1 and 2. The almost complete loss of all absorption 
in both the cytoplasm and the nucleus, together with 
the impression of nuclear swelling, is indeed striking. 
Its interpretation is diffieult. Three possible explana- 
tions may be offered. We shall discuss them in the 
order which we consider the most likely. 

1) This change may represent an absolute loss of 
both RNA and DNA amounting to almost complete 
absence. Nucleoproteins are known to be affected by 
x-radiation both im vivo and in vitro, and in dying 
cells loss of nucleoproteins seems inevitable (5, 6, 7). 

2) This change might conceivably represent an 
alteration in the physical state of the nucleoproteins 
with reference to the more liquid portions of the cell, 
thus producing an ultraviolet absorption effect simu- 
lating loss of nucleoproteins. 

3) The change may be accounted for by assuming 
that the purine and pyrimidine rings—in reality the 
absorbing structures—have been so changed by the 
x-radiation that they no longer give their character- 
istic absorption. 
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In order to define better the underlying mechanisms 
of this nucleoprotein change, similarly prepared con- 
trol and irradiated cultures were studied histochemi- 
eally at the same postirradiation intervals. No post- 
irradiation change was observed in the acid phospha- 
tase by Glick’s (8) modification of Gomori’s method, 
in the nonspecific esterase by the method of Barrnett 
and Seligman (9), in the lipid by Sudan Black B 
staining, or in the protein bound sulfhydryl by the 
method of Barrnett and Seligman (10). 
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The Immunochemical Heterogeneity of 
Human Plasma £-Lipoprotein* 


David Gitlin? 


Department of Pediatrics, Harvard Medical School, 
and Children’s Medical Center, Boston, Massachusetts 


From the protein fractions obtained by the parti- 
tion of human plasma in ethanol-water mixtures at 
low temperatures (1-3), solutions of 6-lipoprotein 
were isolated and purified in the preparative ultra- 
centrifuge (4, 5). Gofman et al. (6) have reported 
that human serum lipoproteins show considerable 
heterogeneity with respect to flotation rates in the 
ultracentrifuge in a sodium chloride solution of den- 
sity 1.06. Oncley et al. (7), on centrifuging relatively 
concentrated 6-lipoprotein solutions for about 18 hr 
in a glycine-sodium chloride medium of density 1.3, 
separated three B-lipoproteins of different flotation 
rates. In an attempt to gain greater understanding 
of the relationships between lipoprotein metabolism 
and certain aspects of normal and pathologie human 
physiology, several investigations have been conducted 
in this laboratory on the metabolism of human B-lipo- 
protein. This report presents evidence that the plasma 
B-lipoprotein fraction is composed of a number of 
lipoproteins differing markedly in their immunochemi- 
eal characteristics. 

Rabbit antiserum vs human plasma 6-lipoprotein 

1 This work was supported by a grant (No. RG-346) from 
the National Institutes of Health, USPHS. 

2 This work was completed under tenure of a Postdoctorate 
Research Fellowship, National Institutes of Health, USPHS. 

*% Indebtedness to John L. Oncley and F. R. N. Gurd of the 
Department of Physical Chemistry, Harvard Medical School, 


for the preparations of #-lipoprotein used in this study is 
gratefully acknowledged. 
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Fig. 1. Precipitation curves obtained by reacting rabbit 
antiserum vs human plasma §-lipoprotein with preparations 
of 8-lipoprotein obtained from two different pools of human 
plasma. Arrows: supernatants of these reaction mixtures 
tested as in Table 1. ©: preparation BSO; @: preparation 
BS1. 
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Fic. 2. Precipitation curves obtained by reacting rabbit 
antiserum vs human plasma §#-lipoprotein with preparation 
BS3 (©) and the lipid-poor fraction, preparation G3 (@), 
separated during the purification of BS3. Arrows: superna- 
tants of these reaction mixtures tested as in Table 1. 
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was obtained by using a freshly purified preparation 
of B-lipoprotein, BSX, separated from pooled plasma 
by the method of Oncley et al. (5). The lipoprotein 
was dissolved in 0.15 M NaCl, and this solution was 
given to rabbits subcutaneously at 10-day intervals, 
25 mg/kilo body weight/injection for 4 injections. 
The first injection was administered within a week of 
final purification of the lipoprotein in the ultracen- 
trifuge; the solution was kept at 0° to 2° C at all 
times between injections. Rabbit antisera vs human 
serum y-globulin, preparation L413-II-1, and erys- 
tallized human serum albumin, preparation Decanol 
10 (8), were obtained by employing aluminum hydrox- 
ide-adsorbed antigens (9); rabbits were injected sub- 
eutaneously at 7—10-day intervals, 25 mg antigen /kilo 
body weight/injection for 5 injections. 

After the rabbit antisera had been prepared, puri- 


fied B-lipoprotein was obtained from several different . 


pools of human plasma (5) and the preparations kept 
separately. They were designated BS1, BS3, and BSO. 
In one instance the lipid-poor greenish layer, always 
found at the bottom of the preparative cell after the 
ultracentrifugal purification of 6-lipoprotein, was re- 
moved and designated G3 (4, 5). 

The spectrophotometric method (10) for analysis 
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of the specific precipitates was used. Antigen-anti- 
body reaction mixtures, 1.0 ml of an appropriate dilu- 
tion of antigen added to 1.0 ml of antiserum, were 
ineubated at 37° for 1 hr and then placed at 1° C for 
18 hr. Specific precipitates were washed twice with 
cold saline, being centrifuged for 30 min at 4000 rpm 
at 0° C to recover the precipitates. 

The precipitation curves obtained by reacting pooled 
rabbit antiserum vs human plasma 6-lipoprotein with 
preparations BS1, BS3, and BSO are illustrated in 
Figs. 1 and 2. The curve obtained in the reaction be- 
tween this antiserum and the lipid-poor fraction, 
preparation G3, separated during the purification of 
BS3, is shown in Fig. 2. Since B-lipoprotein has been 
shown to undergo profound changes on standing (5), 
it should be noted that these preparations were kept 
at 1° C for various periods of time before first being 
tested: BS3 and G3 for 1 week, BS1 for 2 weeks, and 
BSO for 8 months. That the differences between the 
precipitation curves of BS1 and BSO were not due 
simply to aging and oxidation of the lipoproteins of 
BS0 is indicated in Fig. 1: BS1 was kept at 1° C for 
an additional 6 weeks and then retested with the same 
antiserum. The differences in the BS1 curves on aging 
would seem hardly enough to account for all the dif- 
ferences between BS1 and BSO. The Tyndall effect of 
BS1 after 6 weeks had become very intense, indicating 
that changes had in fact taken place without approach- 
ing the immunological characteristics of BSO. It will 
also be noted that the precipitation curves of BS3 and 
G3 differed from each other as well as from those ob- 
tained with BS1 and BSO. 

The supernatants of those reaction mixtures indi- 
eated by arrow in Figs. 1 and 2 were tested with the 
B-lipoprotein preparations by conventional ring tests, 
and the results are shown in Table 1. The marked 
heterogeneity of the B-lipoproteins became quite evi- 


TABLE 1 


THE IMMUNOCHEMICAL HETEROGENEITY OF HuMAN 
SERUM £-LIPOPROTEIN AS INDICATED BY RING 
Tests FoR REACTANTS IN EXcess 


Precipitation curve: 
antiserum + BS1 


Precipitation eurve: 
antiserum + BS0 


Super- 
natant 
tested Reaction mixture Reaction mixture 
with 
A B Cc A B Cc 
Antiserum + + + - + + 
BS3 + - - - 
BSO + + + + - “ 
G3 + + + - 
Precipitation curve: Precipitation curve: 
antiserum + BS3 antiserum + G3 
Antiserum + + + + + - 
BS1 + + + + + + 
BSO + + + + + + 
‘G3 + + + + + - 
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dent, and the data substantiated the evidence obtained 
from the differences in their precipitation curves. 

The multiplicity of antigens was also indicated by 
layering various concentrations of the 6-lipoprotein 
preparations over antiserum in agar according to the 
Oudin procedure as described by Munoz and Becker 
(11). By this technique 5 bands were readily revealed 
in BSO and 6 bands in BS1. 

No y-globulin could be detected in BS1 with rabbit 
antiserum vs human serum y-globulin; BS1 contained 
about 0.2% human serum albumin as determined im- 
munochemically (10). The rabbit antiserum vs B-lipo- 
protein revealed no demonstrable antibodies vs human 
serum albumin, human serum y-globulin, or erystal- 
lized human serum 6-metal-combining globulin (12). 
There was some cross reaction between rabbit anti-f- 
lipoprotein and the a-lipoprotein fraction, IV-1-1 
(1), but, owing to the demonstrated heterogeneity of 
this fraction electrophoretically, this reaction could 
not be interpreted satisfactorily. 

It has been found in this study, therefore, that the 
B-lipoprotein fraction of normal human plasma rep- 
resents a class of 6-lipoproteins differing in their im- 
munochemical characteristics. Since several prepara- 
tions of B-lipoprotein obtained from different pools 
of plasma were studied, the data suggest that the im- 
munochemically reactive components were present in 
varying ratios in the individual plasmas. The data also 
indicate that normal human plasma contains a lipid- 
poor protein that is immunochemically related to the 
protein moiety of 6-lipoprotein; the evidence is in- 
sufficient to state this relationship any more positively. 

It has been suggested that definite distributions of 
physical heterogeneity of circulating lipoproteins as 
demonstrated by the ultracentrifuge is intimately asso- 
ciated with certain pathological states such as athero- 
sclerosis (6). The relationships between immunochemi- 
cal heterogeneity and physical heterogeneity await 
further investigation, but analysis of the data pre- 
sented here suggests that immunochemical hetero- 
geneity exists within the various flotation “classes.” 

The correlation between circulating lipoprotein and 
human disease is extremely interesting in view of the 
observation that 6-lipoprotein is a component of the 
cell nuclei of almost all human tissues (13). Since the 
level of individual plasma proteins is a reflection of 
tissue metabolism, the finding of an altered pattern or 
level of a particular protein may be only a secondary 
factor in a disease state rather than a primary or 
etiologic factor. It is also true, however, that the 
altered level of the plasma protein, although secon- 
dary to tissue metabolism, can itself give rise to char- 
acteristic disease as evidenced in hemophilia, afibrin- 
ogenemia (14), and agammaglobulinemia (15). The 
possible relationships between tissue metabolism and 
hyperlipoproteinemia in disease await further study. 

Kunkel (16) fractionated human serum with zephi- 
ran and ultracentrifugation and obtained a B-lipo- 
protein which proved antigenic in rabbits; the rabbit 
antiserum was then used to estimate lipoproteins in 
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normal and pathological sera. For the estimation of an 
antigen immunochemically, it must be ascertained that 
the antigen is either immunochemically homogeneous 
or that the ratio of its reactive components remains 
constant. Although the 6-lipoprotein employed as an 
antigen in this study was prepared differently from 
that of Kunkel, the basic immunochemical criteria for 
use of antiserum in quantitative estimations were not 
fulfilled for the B-lipoproteins. By proper absorption 
techniques, however, it may be entirely feasible to 
render such antisera specific. 
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The Effect of Indoleacetic Acid and Amount 
of Solar Radiation on Heterosis in the 
Snapdragon (Antirrhbinum majus L.)* 


John B. Gartner, W. J. Haney, and C. L. Hamner 


Departments of Horticulture, North Carolina State College, 
Raleigh, and Michigan State College, East Lansing 


In the course of studies with hybrid snapdragons 
Antirrhinum majus L., it beeame apparent that light 
was a factor in determining the degree of heterosis 
and the degree of reaction of the plants to indole- 
acetic acid. Heterosis is the difference between the 
mid-parent mean and F,. 

Since auxins are believed to be essential to cell 
elongation and since one of these substances, indole- 
acetic acid, is inactivated by riboflavin in the pres- 
ence of light (1), it is possible that a difference in 
auxin level may account for the phenomenon of het- 
erosis, and that these phenomena may be influenced 
by the amount of light received by the plant. 

In order to test this general hypothesis, two inbred 
lines of Antirrhinum majus L. and their hybrid were 
chosen as the experimental test subjects. Three ex- 
periments were conducted under different light con- 
ditions to obtain data on height and dry weight of 
the parents and of the F,. 
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TABLE 1 


Av HEIGHT AND DEGREE OF HETEROSIS OF 350 PLANTS EACH oF INBRED (P, AND P,) AND THE 
Hysrip (F,) AND SEGREGATING POPULATION (F,) oF Antirrhinum majus 
GROWN UNDER DIFFERENT AMOUNTS OF LIGHT 


Total Parent 1 Parent 2 Mid-parent Hybrid F Heterosis* 
Experi- solar (P;) 2 mean (F,) height hei vy 
ment radiation height height height height tam) tan 
(g eal.) (em) (em) (em) (em) 
It 5,512.9 7.3 12 9.65 10.38 7.91 0.73 
IIt 13,433.8 5.9 8.93 7.415 10.1 9.9 2.685 
IITs 16,018.1 4.7 9.2 6.95 10.9 6.9 3.95 
* Heterosis is the difference between mid-parent mean and F,. 
+ Dee. 1, 1951, through Feb. 5, 1952. 
t Feb. 3, 1952, through Apr. 6, 1952. 
§ Mar. 28, 1952, through May 8, 1952. 
In order to obtain plants grown under low amounts TABLE 3 


of light, seeds were sown on December 1, 1951, and 
350 seedlings in each group were transplanted 45 
days later. 

In another trial, under higher amounts of light, 
seeds were sown on February 2, 1952, and 350 seed- 
lings each (P,P, and F,) were transplanted on March 
28, 1952. In the final test, under still higher amounts 
of light, seeds were sown on March 28, 1952, and 350 
seedlings from each parent were transplanted on April 
19, 1952. 

The seedlings of the inbreds (P, and P,) and their 
hybrid (F,) were grown on a greenhouse bench con- 
taining a suitable soil mixture and maintained under 
uniform greenhouse conditions. Height measurements 
were made as soon as the tallest population ap- 
proached 10 em. Dry weights were recorded after the 
response to indoleacetic acid was noted. 

It was consistently found that heterosis, as detected 
by these two criteria, increased with seasonal increase 
in solar radiation as shown in Tables 1 and 2; for 
example, the degree of heterosis, as measured by dry 
weight in g/plant, increased from 0.115 under low 
amounts of light to 0.46 under higher amounts of 
light. 

The plants in the three experiments were sprayed 
with indoleacetic acid after height measurements were 
recorded. 

Plants grown from December through February 


TABLE 2 
Av Dry WEIGHT IN GRAMS AND DEGREE OF HETEROSIS 
OF INDIVIDUAL PLANTS OF PARENT 1 (P,), 
PARENT 2 (P,), AND Hysrip (F,) 
(Individual averages based on the av of 350 plants) 


(P;) (P,) mean (F,) osis* 


It 0.216 0.357 0.286 0.401 0.115 
IIt 0.231 0.206 0.216 0.570 0.354 
ITT$ 0.12 0.16 0.14 0.6 0.46 


* Heterosis is the difference of the F, from the mid-parent 
mean. 

+ Dec. 1, 1951, through Feb. 5, 1952. 

t Feb. 3, 1952, through Apr. 6 ,1952. 

§ Mar. 28, 1952, through May 8, 1952. 
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EFFECT OF A SIMULTANEOUS APPLICATION OF AQUEOUS 
EXTRACTS OF ErrHeER P, or P, or F, AND INDOLE- 
ACETIC AcID AT 25 PPM ON Root GRowTH 
or CUCUMBER SEEDLINGS 
(Seedlings germinated in dark) 


II 
Root Root 
rowth growth 
Treatment om Av 
av 16 av 16 
seedlings seedlings 

Distilled water 5.8 5.5 5.2 
IAA* 0.49 1.0 0.74 
Parent 1+ 25 ppm IAA* 1.95 2.33 2.14 
Parent 2+ 25 ppm IAA* 3.7 4.3 4.00 
Hybrid + 25 ppm IAA* 0.47 0.56 0.51 


* Indoleacetic acid. 


under low light conditions were sprayed with indole- 
acetic acid at 100 ppm and exhibited typical epinasty. 
However, it was found that on plants grown from 
March through May, when light intensities were high, 
a stronger concentration of indoleacetic acid was 
needed to produce the same degree of response. Con- 
centrations of 1000 ppm were used in the later two 
trials. Heterotic effect was more evident in the con- 
sistently longer and more intense response of the F, 
than in either parent. 

Because the F, showed a greater sensitivity to in- 
doleacetic acid, a biological test was employed in an 
attempt to prove the hypothesis that the F, differed 
from its parents in an indoleacetic-acid-inhibiting or 
-inactivating mechanism. Alamercery (2) has shown 
that cucumber seedlings are very sensitive to indole- 
acetic acid. He found that the elongation of hypo- 
cotyls and roots is in proportion to the concentration 
of indoleacetic acid. Accordingly, cucumber seeds were 
germinated in a distilled water solution of 25 ppm of 
indoleactic acid with and without a tissue extract of 
both parents and hybrid snapdragons. The tissue ex- 
tract was prepared by using a 10-g sample of fresh 
leaves and stems from the P,, P,, and F, plants when 
the F, was approximately 10 em tall. The plants were 
macerated in a Waring Blendor and made up to a 
volume of 100 ec. To this slurry indoleacetie acid was 
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added to make a final concentration of 25 ppm. Six- 
teen cucumber seeds were placed on a filter paper in 
a Petri dish and 5 ee of this solution was added to each 
dish. In addition, a distilled water solution of indole- 
acetic acid at 25 ppm and distilled water alone were 
used as controls. Each treatment was replicated five 
times. The cucumber seedlings were allowed to germi- 
nate at constant temperature in darkness. Four days 
after treatment root measurements were recorded. 

It was repeatedly observed that the inhibitory ef- 
fects of indoleacetic acid on cucumber roots were 
reduced much Jess by the extract from the F, than by 
the extracts from either parent. This may suggest that 
the parents inactivated indoleacetic acid more effec- 
tively than did their hybrid (Table 3). 

The degree of heterosis in the experimental plants 
of Antirrhinum majus L. was greatly influenced by 
the amount of solar radiation. Heterotic ability of the 
F, to retain the indoleacetic acid has been demon- 
strated. The greater ability of the hybrids to retain 
and utilize growth substance under high light con- 
ditions permits greater expansion of plant tissue and 
thus gives the additional growth increment that can 
cumulatively result in heterosis. 
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The Prevention of Dental Caries by Rock 
Phosphate in the Diet of the Rat 


J. F. McClendon and J. Gershon-Cohen 


Departments of Research Biochemistry and Radiology, 
Albert Einstein Medical Center, Northern Division, 
Philadelphia, Pennsylvania 


The trend toward the fluoridation of communal 
water supplies offers little for caries prevention in 
areas where fluoridation of water is impracticable. As 
a means of supplying extra fluorine in a vehicle other 
than water, rock phosphate was chosen by us for test- 
ing because of its additional high ealeium and phos- 
phorus content. 

The ecariogenic diet, Diet I, which was used con- 
tained 800 g cracked yellow corn, 30 g alfalfa meal, 
60 g linseed meal, 250 g sucrose, 80 g corn oil, 500 g 
active dry yeast, and 10 g sodium chloride. 

All the caries prevention diets were the same and 
similar to Diet I except that they also contained Ten- 
nessee brown rock phosphate in varying amounts 
from 5 to 35 g. In several experiments, it was found 
that the addition of 15 g or less of rock phosphate 
had little or no caries prevention effect; but above 
15 g, the caries prevention effect progressively in- 
creased until an optimum effect was reached with ap- 
proximately 35 g. For this reason the results of only 
two diets are reported here, namely, Diet II which 
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contained 20 g and Diet III which contained 34 g 
rock phosphate. 

In these experiments 210 Wistar rats were used, 
one half of each litter being fed one of the diets. The 
rats were placed on these diets 20-22 days after birth 
and observed until they died naturally. 

Of 105 rats on Diet I, caries appeared in 382 teeth 
or 61%, mostly lower molars; of 49 rats on Diet II 
(containing 20 g rock phosphate) caries appeared in 
62 or 21% of the lower molars; of 56 rats on Diet IIT 
(containing 34 g rock phosphate) caries occurred in 
19 or 5% of the lower molars (Table 1). 


TABLE 1 


DENTAL CARIES IN LirreR MATE Rats on Diets Con- 
TAINING Brown Rock PHOSPHATE 


Number 
No. of carious 
Diets sate Percentage 
molars 
Diet I 105 382 61 
Diet II 49 62 21 
Diet IIT 56 19 5 


The upper incisors of the rats on the earies pre- 
vention diets were overgrown and curved. Growth 
lines were seen on many of these teeth. Calcification 
not only of the jaw bones, but also of the entire skele- 
ton was better in the rats on Diets II and III than in 
rats on Diet I. The death rate of the rats on the caries 
prevention diets was normal whereas all the rats on 
Diet I died between the 4th and 7th months of age. 

The rock phosphate used in these diets contains 
5.9% ecaleium fluoride. The concentration of fluorine 
in Diet II was approximately 350 ppm and in Diet 
III, it was 700 ppm. Compared to 1-2 ppm of sodium 
fluoride recommended for use in communal water sup- 
plies, this seems like an extraordinarily excessive 
amount of dietary fluorine for the prevention of 
caries. But in the rat, it has been established in nu- 
merous experiments summarized by Hodge and Sogn- 
naes (1) that at least 125-200 ppm of the more solu- 
ble sodium salt of fluorine must be present in the rat’s 
diet before an appreciable caries resistant effect ean 
be obtained. Miller (2) used 500 ppm dietary calcium 
fluoride in order to prevent dental caries in the rat. 
The fluorapatite used in our experimental caries pre- 
vention diets is far more insoluble than sodium fluor- 
ide, but we preferred to use fluorine in this form 
because of the extra benefit that might be derived 
from the additional calcium, phosphorus and other 
trace minerals present in brown rock phosphate. 

Successful cariostasis in the posteruptive phase of 
dental development as recorded here already has been 
documented by McClure (3). 

In experiments on humans, McClendon and Foster 
(4) each ingested daily 2.5 g of rock phosphate con- 
taining 75.5 mg of fluorine for three weeks and then 
reduced the daily intake for three years to 1 g rock 
phosphate containing 31 mg fluorine. Measuring the 
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total output of fluorine in the excreta, they calculated 
a retention of only 1.7 mg/day. More balance studies 
of this type are needed before safe dosage levels of 
rock phosphate for human consumption can be con- 
sidered. 
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Synergistic Actions of Carbon Dioxide with 
DDT in the Central Nervous System 


George H. Pollock and Richard I. H. Wang 


Departments of Psychiatry and Pharmacology, 
University of Illinois College of Medicine, Chicago 


From clinical observations, physiologic, electroen- 
cephalographic, and pathologie studies of cats, mon- 
keys, and dogs, it appears that the cerebellum is the 
chief portion of the nervous system on which DDT 
acts (1, 2). Histologic degenerative changes resulting 
from DDT are usually restricted to the cerebellum, 
especially the dentate and roof nuclei (1). Previous 
investigation of compounds which acted initially on 
the cerebellum revealed the definite synergistic eon- 
vulsant activity of the inhalation of carbon dioxide 
with these compounds (3). Accordingly, it was de- 
cided to investigate the actions of carbon dioxide on 
the central nervous system in animals that had in- 
gested DDT. 

Thirty-two normal cats, weighing 1.5-3.0 kg, were 
placed on an ample diet and observed carefully for a 
week. Then 300-500 mg/kg of DDT, carefully mixed 
with the diet, was consumed at a single meal. Usually 
within 24 hr the animals were seen to have general- 
ized, fine tremors and were markedly ataxic. When 
they were held by the nape of the neck, “running 
movements” were observed, but no grand mal convul- 
sions were seen. These animals were prepared for 
acute electroencephalographic recording in the follow- 
ing manner. Under divinyl ether anesthesia, a tracheal 
cannula was introduced, the femoral veins isolated, 
and the skull including the area over the cerebellum 
exposed. Ether anesthesia was then discontinued and 
paralysis induced with 20 mg/kg of dihydro-f-ery- 
throidine intravenously. Respiration was maintained 
artificially through a Palmer respirator designed to 
allow adjustment of stroke volume and rate and the 
introduction of any desired gas mixture. Screw elec- 
trodes were placed bilaterally, 2 over the cerebellum, 
2 over the parietal cortex, and 2 over the frontal eor- 
tex. Bipolar and monopolar (reference electrode 
usually on nose) recordings of the electrical activity of 
the brain and the electrocardiogram were obtained on 
a Grass 8-channel electroencephalograph. Gas mix- 
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Fie. 1, A. Pre-CO, record of a cat that had been fed 400 
mg/kg of DDT a day previously. B. Record shortly after the 
administration of 30% .CO,-70% O,. C. 30% CO,-10% 0, 


- administered for 3 min. D. Record shortly after the remova 


of the gas mixture. 
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tures containing 30% CO,-70% O, were obtained 
commercially. 

In all the animals the spontaneous rhythm of the 
cerebral cortex as well as that from the cerebellum was 
significantly modified by the ingestion of DDT. The 
amplitude of the cerebellar activity was markedly in- 
ereased over that seen in normal control animals. 
Spikelike waves appeared, although electrical fits were 
not observed. The cerebral rhythms showed similar 
activity, but definitely after that seen in the cerebel- 
lum (Fig. 1 A). Shortly after the administration of 
the carbon dioxide mixture (Fig. 1 B), but more 
usually after its removal, there was marked intensi- 
fication of all electrical activity, and in eight animals 
seizures were either observed in the cerebellar leads 
exclusively or appeared in the cerebellum first and 
then after a short lag period were also seen in the 
cerebral cortex. The inhalation of the 30% CO,-70% 
0, mixture sometimes caused a decrease in amplitude 
and increase in frequency of the electroencephalogram 
(Fig. 1 C); however, upon its removal, the typical 
seizure patterns appeared (Fig. 1 D). In four animals 
where DDT in doses of 500-1000 mg/kg was ingested, 
the clinical picture described above appeared 4-6 hr 
later, and the animals usually died within 12-24 hr 
after DDT feeding. 

Previous work (4) showed that high concentrations 
of carbon dioxide in oxygen increased the frequency 
but lowered the amplitude of the normal cat EEG. 
Seizures induced electrically or with Metrazole were 
antagonized when the gas mixture (30% CO,-70% 
0,) was inhaled. Interestingly, it was found that with 
Metrazole seizures appeared in the thalamus first and 
then in the cerebrum (5). It is noted that, with con- 
vulsants potentiated by carbon dioxide, the fits are 
either confined to or first seen in the cerebellum and 
then appear in the cerebral cortex (3). This seems to 
explain the observations on the gross behavior of the 
animals under the influence of the convulsants and 
also the histopathology found in the cerebellum. Con- 
vulsants antagonized by CO, do not show fits first in 
the cerebellum (4). 

It is not easy to explain why carbon dioxide can act 
synergistically with DDT and other cerebellar con- 
vulsants. We know that the cerebral cortex can have 
its threshold for stimulation raised by carbon dioxide. 
It may be that, once the cerebellar convulsant has been 
introduced, the additional release from cortical in- 
hibition by carbon dioxide is sufficient to permit seiz- 
ure activity to start subcortically. The fit is then in 
turn transmitted to the cerebral cortex. As yet no ex- 
planation is offered as to why these seizures start 
when the CO, mixture is first applied or shortly after 
it is removed. The most likely explanation is that a 
certain critical level of CO, must be maintained for a 
critical period of time and that this combination of 
circumstances is sometimes realized during induction 
with CO, and sometimes on the way out. 

The oral ingestion of DDT causes gross symptoms 
of cerebellar involvement. This is also seen when eleec- 
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troencephalographie recordings of cerebral and cere- 
bellar activity are made. Shortly after the introdue- 
tion or removal of 30% CO,-70% O,, definite electrical 
seizures are seen in the cerebellum exclusively or 
initially, and later appear in the cerebral leads. This 
potentiating effect of CO, with DDT appears in con- 
trast to the antagonistic actions of CO, on seizures 
induced electrically or with Metrazole. 
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Recent Changes in Sea Level Along the 
New England Coast: New Archaeological 
Evidence 


Elso S. Barghoorn 


The Biological Laboratories and Botanical Museum, 
Harvard University, Cambridge, Massachusetts 


Submergence of the Atlantic coast of North Amer- 
ica in relation to the tidal plane has long been a prob- 
lem of interest to geologists, to geographers, to stu- 
dents of plant ecology, and, in more recent years, to 
archaeologists. Within the past decade archaeological 
interest has been greatly stimulated by the discovery 
in New England of extensively submerged aboriginal 
occupation sites (1, 2), and by the striking contrast 
between past and present tidal conditions in coastal 
estuaries. Paleobotanical and stratigraphic studies of 
peat and other plant-bearing sediments found in as- 
sociation with archaeological horizons indicate a pro- 
gressive encroachment of the sea on shoreline vegeta- 
tion. These factors, in conjunction with a few recent 
determinations of the absolute age (3) of oceupation 
sites, have focused renewed attention on the problem 
of coastal stability and its geologic and archaeologi- 
eal implications. 

Evidence that has been advanced in the past to 
demonstrate geologically recent and continuing tidal 
changes on the Atlantic coast is quite diverse and in 
part contradictory. Many of the earlier controversies 
resulted from efforts to prove a priori one theory or 
another of the geologic consequences resulting from re- 
treat of the Wisconsin ice shects and subsequent crus- 
tal movements of the continental margins. Botanical 
evidence derived from studies of coastal and estuarine 
salt marshes and their sedimentary record of peat was 
variously used to support arguments both for coastal 
stability and for continued coastal subsidence (4-6). 

More recently, however, discovery and extensive in- 
vestigation of the Boylston Street fishweir, a strue- 
ture excavated at considerable depth in sediments de- 
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posited in the former Charles River estuary in Boston, 
show conclusively that submergence of the order of 
20 ft has occurred since human occupation of eastern 
Massachusetts (7). Carbon-14 age determinations dem- 
onstrate that the time of this human occupation is 
greater than 3851 (+390) years and less than 5717 
(+550) years (3). By extrapolation of the two dated 
levels with the present tidal plane and by assuming 
the weir itself to be 4500 years old, an average rate 
of submergence of approximately 6 in. per century 
may be calculated for the period between construction 
of the fishweir and European settlement of New Eng- 
land in 1620. These calculations, of course, provide 
no basis for concluding that the rate of submergence 
has been constant, nor do they prove definitely-that 
submergence has continued to the present. 

Virtual proof of currently continuing and signifi- 
cantly rapid submergence of the Massachusetts coast 
has been secured, however, from recent archaeological 
discoveries at Saugus, Massachusetts. Here, in the 
course of restoring the first successful iron works in 
North America, by the First Iron Works Association 
in conjunction with the American Iron and Steel 
Institute, well-preserved colonial wooden structures 
have been uncovered at levels now daily inundated by 
high tides. The arrangement of these structures, which 
include remains of water wheels, a timbered water- 
way in its original position, and remnants of a dock 
and wharf, is such that their intended function would 
be very inefficient if not impossible under present 
tidal conditions. Associated with the water wheels 
and wheel pit timbers are abundant and varied arti- 
facts representing diverse products of colonial manu- 
facture. Owing to the completeness and thoroughness 
with which the excavation and restoration are being 
made, it has been possible to make repeated observa- 
tion of the many physical and cultural features cur- 
rently exposed at the site. It should be noted, how- 
ever, that present flooding by the diurnal tide, and 
especially the effect of occasional excessive tides, are 
sufficiently greater than they were in colonial time as 
to render excavating and plotting field relations of 
buried structures in lower parts of the restoration a 
dificult engineering problem. 

Through the interest and collaboration of Roland 
W. Robbins, in charge of archaeological investiga- 
tions at Saugus, precise data concerning present 
tidal relations have been obtained, as well as useful 
and important historical information. 

Critical examination of the field relations exposed 
in the Saugus excavation indicates that the entire 
area of early Iron Works development has been 
affected since 1650 by an increase in the height of 
tide in the Saugus estuary of approximately 214-3 
feet. There is no evidence of subsurface slumping, 
or of localized sma!l-scale deformation of the glacial 
sediments underlying the site, chiefly sands and 
gravels interbedded with clays, to account for the 


change in relation to tidal plane. The operation of - 


shoreline processes that might conceivably have in- 
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duced localized tidal effects (5) has evidently not 
been a causal factor in submergence at Saugus. The 
area under consideration is nearly 3 miles from the 
open sea and is located immediately at the terminus 
of active drainage of the Saugus River. Seaward 
from the Iron Works site the present drainage is 
entirely controlled by tidal action and has quite evi- 
dently been influenced by tidal currents since colonial 
settlement. 

Not until archaeological investigation has been com- 
pleted will it be possible to reconstruct in the desired 
detail a complete interpretation of the interrelation- 
ships between and among the several structures that 
have been unearthed in the Saugus excavations. 
Colonial developments there were initiated in a topo- 
graphic and geographic setting that was apparently 
selected with careful regard both for its physical 
features and future development. There is no indi- 
cation in historical records that the Saugus location 
proved unsatisfactory from the time of its establish- 
ment until activities ceased, except for probable ex- 
haustion of raw materials. Present tidal relation- 
ships, however, reveal convincingly that certain fea- 
tures of the Saugus Iron Works could not have been 
effectively developed and efficiently operated if the 
tidal range effective today had obtained in 1650. 

The Saugus site, although very recent in terms of 
geologic processes, provides an unusual aggregate of 
evidence on the question whether submergence of the 
coast of eastern North America is still continuing. 
Instrumental records of recent change in the tidal 
level of the Atlantic and Gulf coastal waters have 
been analyzed in detail by Marmer (8, 9). Results 
of these studies are of especial interest and strongly 
confirm by physical measurements the same conclu- 
sion; viz., that the eastern coast of the continent is 
slowly subsiding in relation to present sea level. 

Evidence drawn from colonial and pre-colonial 
archaeological investigation is in such close agree- 
ment with that from paleobotanical and geologic 
studies of coastal change that the controversy over 
coastal submergence. seems finally resolved. There re- 
mains to be evaluated, however, the more complex 
problem of relative effect of eustatic rise in sea level 
and that of crustal movement in the evolution of the 
New England coast line. 
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A Tissue Derived from the Pollen 
of Ginkgo biloba 


Walter R. Tulecke 


Department of Botany, 
University of Michigan, Ann Arbor 


LaRue (1) obtained rather remarkable results from 
the culture of the megagametophytes of Zamia flori- 
dana and has more recently shown (unpublished) that 
Zamia pollen may develop up to the sperm mother 
cell stage when grown on a suitable nutrient medium. 
In the light of this work similar studies in vitro were 
undertaken on Ginkgo biloba pollen. 

In Ginkgo, concurrent with normal development in 
culture, several types of abnormalities arise. By far 
the most intriguing aberration is that in which a tis- 
sue is initiated from the mass of germinating pollen. 
Tissue development seems to begin with the production 
of extra nuclei to give three main types of pluri- 
nucleate gametophytes. One finds a coenocytie con- 
dition with many nuclei free within the gametophyte 
(Fig. 1), a multicellular condition at the exine area 


~ 


Fic. 1, Coenocytic gametophyte with more than 21 nuclei. 
Diameter 330 np. 


(Fig. 2), or, infrequently, a several-celled tube or 
haustorium (Fig. 3). Various stages in the formation 
of each of these types have been noted in cultures, and 
as many as 40 nuclei have been seen in the coenocytic 
gametophytes. It is not known, however, which of the 
abnormalities has given rise to the pollen tissue. Con- 
ceivably, of course, all the abnormalities and the cell 
types of the gametophyte (prothallial, generative, 
stalk, body, and tube) could be active in tissue forma- 
tion. One would, perhaps, expect a prothallial origin, 
but the indications are strongly against such a hy- 
pothesis. One finds little prothallial cell activity in 
abnormal gametophyte development. Instead, the stalk 
and tube cells are the most active components. The 
stalk cell gives rise to the intercalary cells at the exine, 
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Fic, 2. Intercalary divisions between the so-called “‘stalk” 
cell and the “body” cell. E, exine layer of the pollen grain ; 
P, prothallial cell; S, stalk cell; I, intercalated cells and 
nuclei; B, body cell. Exine diameter approximately 26 pn. 


and the tube cell is largely responsible for the septate 
tubes (Fig. 3) and the coenocytie gametophytes (Fig. 
1). Therefore, while both the stalk and tube cells are 
considered as possible origins of the pollen tissue, the 
more frequent occurrence of tube-derived abnormali- 
ties suggests that the tissue originated from the tube 
cell of the gametophyte. 

The tissue, when first visible macroscopically, ap- 
pears as a mass of white starch-storing cells arising 
from the homogeneous mass of germinating pollen. 
Later, the tissue grows out and may at this time be 
removed and subcultured. The first tissue mass was 
isolated on February 2, 1952, and has since passed 


Fic. 3. A three-celled haustorium or tube. The adherent 
exine at the right is about 26 un. 
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through 13 subeultures (Fig. 4). Growth has been 
most vigorous on a modified White’s medium (2), to 
which 0.25% yeast extract and 1 mg IAA have been 
added per liter. Tissue proliferation continues either 
on agar or in shake culture at a rate which permits 
subculturing 1:8 in 3 weeks. Moreover, since its es- 
tablishment as a tissue culture, the pollen tissue has 
shown no diminution of growth activity. 


Fic. 4. Ginkgo pollen-derived tissue: this is one month's 
growth in an 125-ml Erlenmeyer flask ; the original inoculum 
was 5 mm cube. (Natural size.) 


Fig. 5. Vacuolate tissue cells: the giant cell is 483 u in 
diameter with clusters of 7 and 3 nuclei. 

Ginkgo pollen tissue may be characterized as an un- 
differentiated, parenchymatous, and often multinu- 
cleate cell mass (Fig. 5). The tissue originally has a 
haploid complement of 12 chromosomes but later be- 
comes polyploid. 

Up to the present time, over 25 tissue initials have 
been observed in a total of 634 culture bottles; this is 
an incidence of tissue formation of about 4%. Sub- 
culturing of many of these initials has resulted in 
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tissue proliferation, although only three such subeul- 
tures have been carried on as continuous clones. Ginkgo 
pollen tissue has thus demonstrated, repeatedly, a ea- 
pacity for potentially unlimited explanation. 
Growth in vitro of the female gametophyte of 
Ginkgo has also been obtained. In this case, marginal 
meristems are formed and they produce usually nodu- 
lar outgrowths. And, although the initial inoculum of 
the female gametophyte tissue may increase sixfold in 
volume through marginal proliferation, excision and 
subeulture of the outgrowths have, thus far, not been 
successful. When grown in light, the tissue not only 
retains its chlorophyllous nature, but also exhibits a 
marked inerease in the intensity of pigmentation. 
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A Report on the Waxy Constituents of 
Spanish Moss, Tillandsia usneoides L. 


Seldon D. Feurt and Lauretta E. Fox 


Department of Pharmacognosy and Pharmacology, 
College of Pharmacy, University of Florida, Gainesville 


Tillandsia usneoides L., commonly called Spanish 
moss, long moss, crape moss, and Florida moss, is a 
true epiphyte which festoons trees of swamps and 
hammocks of the southern coastal states. 

The hard, resilient inner fibers are used extensively 
in the upholstery industry, the remainder of the plant 
being disearded or utilized as compost. Webber et al. 
(1) reported the presence of an antibacterial sub- 
stance. Mayo Clinic studied the use of moss as a sur- 
gical dressing as it is more absorbent than cotton (2). 

In view of the recent endeavors to procure a suit- 
able substitute for carnauba wax from natural plant 
sources or by synthesis of low molecular weight waxes 
(3), attention is called to the wax present in com- 
mercial quantities in Spanish moss. 

In his study on the carbohydrate constituents of 
Spanish moss, Schroger (4) reported the presence of 
a green-colored wax melting at 79 to 80° C. The pres- 
ence of this wax was confirmed, and a constituent ex- 
hibiting steroidal characteristics was extracted and 
shown to possess estrogenic activity (5). The freshly 
gathered moss contains approximately 5% wax. The 
iodine number of this wax is 33.0, the saponification 
number 120.4, the acid number 25.0, the ester number 
95.0, and the melting point 79-80° C. 

This wax is soluble in various organic solvents, 
easily purified, and imparts a hard glossy finish to 
woodwork and leather, comparable to commercial 
waxes, 

In view of the abundance of Spanish moss, the 
' proximity of the supply and the economy of utilizing 
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the waste material from the processing of upholster- 
ing fibers, it may prove profitable for some industrial 
organization to investigate this plant as a possible 
source for a hard natural wax. 
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Effects on Plant Growth of Some Compounds 
with Structural Similarities to 
Maleic Hydrazide* 


Victor A. Greulach 


Department of Botany, 
University of North Carolina, Chapel Hill 


Investigation of the effects on plant growth of com- 
pounds structurally related to maleic hydrazide should 
help clarify the mechanism of maleic hydrazide in- 
hibition of plant growth. Maleic acid, maleimide, and 
the cyclic hydrazides and imides of related dicarboxy- 
lie acids should be particularly useful, although other 
hydrazides, hydrazines, and hydrazine itself might 
yield information of value. The difficulty of obtain- 
ing many of these compounds has been at least par- 
tially responsible for lack of reports on their effects 
on plant growth. This paper deals with the first of a 
series of experiments on the effects of such com- 
pounds on plant growth. Additional compounds in the 
groups mentioned are being investigated as they be- 
come available, not only for comparison with maleic 
hydrazide, but also for possible interesting effects 
which they may have on plant growth. 

The effects of hydrazine derivatives, other than 
maleic hydrazide, on plant growth have been investi- 
gated little if at all, but there have been a number 
of studies on the effects of maleic acid and maleates 
on both plants and animals. Most investigators seem 
to agree that maleic acid is a respiratory inhibitor in 
animals atid microorganisms, though some have re- 
ported it to be utilized as a respiratory substrate 
(1, 2). Annau (3) claims that maleic acid competes 
with fumarie and succinic acids for enzyme surfaces 
without fulfilling the functions of the latter acids and 
Weil (4) reported that maleic acid inhibits the Krebs 
eyele but not glycolysis. Copisarow (5, 6) found that 
maleic acid dissolved in etherial oils (but not in water) 
inhibited the sprouting of potatoes, the ripening of 
apples, and the growth of fungi on both. Isaacs (7) 
confirmed its effect on fruit ripening, but reported 
that skin injuries by the acid made the fruits more 

‘This report is one of a series from a research program 
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susceptible to fungi. English et al. (8) stated that 
maleic acid is slightly effective as a traumatin. Bonner 
and Galston (9) found that maleie acid had a slight 
inhibiting effect on plant growth, while Lundegirdh 
(10) reported that maleic as well as fumaric acid was 
utilized by wheat roots and accelerated their respira- 
tion. Thimann and Bonner (1/) found that maleic as 
well as other organic acids counteracted jodoacetate 
growth inhibition. Krishnamurti and Subrahmanyan 
(12) found that maleic acid and a variety of other 
compounds inactivated the milk-clotting and protease 
enzymes of fig latex by affecting active —SH groups 
in the enzymes. Since Greulach and Atchison (73) and 
a number of subsequent investigators have found 
maleic hydrazide to be an antimitotic in plants, it is 
particularly interesting that Friedman et al. (14, 15) 
found maleic acid to be an antimitotic in chick fibro- 
blasts and later (16) reported maleimide and citra- 
conimide to be even more effective antimitoties, 
whereas succinimide was inactive. They suggest that 
antimitotic effectiveness was directly proportional to 
the rate of —SH uptake by these compounds. 

Although hydrazides other than maleic have not 
been used on higher plants, Grunberg and Schnitzer 
(17) and others have found isonicotinic hydrazide and 
its derivatives to inhibit growth of the tuberculosis 
bacillus and claim it to be effective in the treatment 
of tuberculosis. 

In the experiments reported on here bean and sun- 
flower plants two weeks old and tomato plants three 
weeks old were dipped in solutions of the following 
compounds: maleic hydrazide, maleic acid, diformyl 
hydrazine, phenylhydrazine hydrochloride, succinic 
hydrazide, succinimide, isonicotinie hydrazide (rimi- 
fon), and 1-isonicotinyl 2-isopropyl hydrazide (mar- 
silid).? Suceinie and fumarie acids were also used for 
comparison with possible maleic acid effects, although 
all three acids were actually applied as their sodium 
salts to avoid pH effects. With the following excep- 
tions, all solutions were 0.015 M: (1) in one experi- 
ment with beans 0.03 M diformyl hydrazine was used, 
(2) the quite insoluble succinic hydrazide was ap- 
plied as a saturated solution of around 3 x 10-* M, (3) 
succinic hydrazide was also applied to one series of 
plants at 4000 ppm in lanolin applied to the under 
surface of one leaf of each plant, with plain lanolin 
being used on the controls. Dreft was added to each 
solution at a concentration of 0.025% as a wetting 
agent. A minimum of six plants was used per treat- 
ment, the plants being maintained in a greenhouse in 
porous clay pots. Weekly observations and measure- 
ments of height were made, and “t” values were cal- 
culated to determine the significance of the differences 
of the means. 

The effects of the various compounds on the growth 

2The maleic hydrazide (as the diethanolamine salt) was 
supplied through the courtesy of the Naugatuck Chemical 
Company, the rimifon and marsilid by the Hoffmann-LaRoche 
Corporation, and the succinic hydrazide, succinimide, and 
diformyl hydrazine were synthesized by the Chemistry De- 


partment of the University of North Carolina under the 
direction of Arthur Roe. 
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TABLE 1 


MEAN GROWTH OF PLANTS FoR 28 Days FOLLOWING TREATMENT WITH COMPOUNDS 
HAVING AFFINITIES WITH MALEIC HYDRAZIDE 


(All solutions were 0.015 M except as noted) 


Growth as percentage of growth of controls 


Compound 
Beans, 1 Beans, 2 Beans, 3 Tomatoes Sunflowers 
Maleie hydrazide 14.0* 15.2* 15.7* 10.7* nay* 
Succinie hydrazide solution? _— 53.1* 74.5* 125.2 — 
Succinie hydrazide in lanolint _ 58.6* 80.0* 139.8) — 
Diformyl] hydrazine$ 137.01] 99.3 74.6* 136.9 || 
Phenylhydrazine hydrochloride _ 3.4* 15.7* 
Isonicotinie hydrazide (rimifon) _— _ 76.5* 61.0* 93.3 
1-Isonicotinyl 2-isopropyl hydrazide (marsilid) _ _ 73.4* 72.9* 60.9* 
Succinimide 164.0* 120.7 129.1 
Sodium maleate 185.0* 128.9 — 122.3 — 
Sodium succinate 105.0 114.5 _ 114.6 — 
Sodium fumarate 107.0 115.9 125.2 


* Significant at the 1% level or less. 
About 3x10“ M. 

t 4000 ppm. 

§ 0.03 M in bean-3 experiment. 

|| Significant at the 5% level. 


in height of the plants is summarized in Table 1. Ex- 
cept for phenylhydrazine hydrochloride, none of the 
compounds caused growth inhibition comparable with 
that brought about by maleic hydrazide. The phenyl- 
hydrazine was apparently quite toxic, causing death 
of the younger parts of all stems, but subsequent to 
the time the data in the table were taken, all these 
plants resumed growth from lateral buds. The new 
growth was normal except for reduced leaf size. Sig- 
nificant growth inhibition was also caused by succinic 
hydrazide (in beans but not tomatoes), 0.03 M (but 
not 0.015 M) diformyl hydrazine, rimifon, and mar- 
silid. Although inhibition of sunflowers by rimifon 28 
days after treatment was not significant, there was a 
highly significant growth inhibition 14 days after 
treatment followed by rapid recovery. 

Only rimifon and marsilid produced formative ef- 
fects at all similar to those caused by maleic hydri- 
zide, the marsilid effects being more pronounced in 
both beans and sunflowers than the rimifon, while 
neither brought about formative effects in the toma- 
toes. The principal effects in beans were emarginate 
leaflet apexes, extra leaflets, and downward curled 
margins on some leaflets. The sunflower leaf margins 
were much more extensively curled, many leaves were 
emarginate, and marsilid reduced leaf size to about 
half that of comparable control leaves. The leaves 
which developed subsequent to treatment with marsilid 
were very narrow, accuminate, wrinkled, and distorted. 
On many of the older leaves of plants treated with 
marsilid a roughly oval chlorotic spot developed almost 
across the base of the blade, and the tissue just above 
this was unusually dark green. About half of the sun- 
flower plants treated with marsilid lost apical domi- 
nance, followed by branching. Marsilid also produced 
deformities of the flower heads similar to those fol- 
lowing maleic hydrazide treatment. Both marsilid and 
rimifon reduced the number of flowers and fruits of 
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the beans plants significantly, but neither blocked re- 
productive development as does maleic hydrazide. Sue- 
cinie hydrazide and phenylhydrazine hydrochloride 
also reduced but did not block reproductive develop- 
ment of the bean plants. 

The leaves of all bean, but not tomato, plants dipped 
in diformyl hydrazine turned white on the upper sur- 
face within a week following treatment, followed by 
necrotic spots and eventual death of the leaves. Leaves 
developing subsequent to treatment were not affected. 
The white surface proved to be due to the loosening of 
the epidermis from the mesophyll. The bean plants 
treated with succinic hydrazide looked quite different 
from those treated with maleic hydrazide, being 
spindly, generally chlorotic, and somewhat wilted. 
This indicates that it did not act in a manner compar- 
able with maleic hydrazide, and in view of the low 
solubility of succinic hydrazide and its failure to affect 
the tomato plants adversely, it is possible that the 
effects on beans were due to some other factor, asso- 
ciated with the succinic hydrazide treatments. Further 
study of this compound is needed. 

All plants treated with succinimide, 0.015 M di- 
formyl hydrazine, and maleate, as well as with succin- 
ate and fumarate, and the tomato plants treated with 
succinic hydrazide had a greater mean height than 
the controls, and in the first experiment with beans 
the differences for maleate and succinimide were 
highly significant. The plants treated with the com- 
pounds mentioned also appeared to be sturdier and 
darker green than the controls even in experiments in 
which the differences in height were not significant, 
indicating that these compounds were being utilized by 
the plants. 

Although the present preliminary data do not war- 
rant any extensive generalizations, they do indicate 


-that further investigation of various hydrazine de- 


rivatives as plant growth inhibitors should prove to 
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be fruitful. On the basis of the results presented here 
and some of those presented elsewhere, especially by 
Lundegiardh (10), malate (or maleie acid) does not 
appear to be a plant growth inhibitor, but may actu- 
ally be utilized by at least some plants. However, in 
view of the inhibitory effect of maleic acid on animal 
respiration and mitosis, the possibility that under eer- 
tain conditions it may act in a similar capacity in 
plants cannot be discarded. The rather conflicting re- 
sults with maleie acid could possibly be due to its 
enzymatic conversion into related naturally occurring 
metabolic acids in at least some plants under certain 
conditions. 
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The Reduction of Vitamin B,, 


Richard N. Boos, Jean E. Carr, and John B. Conn 


Research Laboratories, Merck & Co., Inc., 
Rabway, New Jersey 


We have carried out a titrimetric reduction of 
eyanocobalamin with chromium (II) ethylenediamine 
tetraacetate complex in a specific application of a 
new general analytical technique to be described in 
detail elsewhere. Here we shall list some observations 
concerning the nature of reduced vitamin B,, which 
are at variance with those reported by Diehl et al. 
(1, 2). 

In 0.1 M sodium enta, pH 9.5, eyanocobalamin gives 
a polarogram comprising a single reductive wave, 
E,,.=—1.021 v vs saturated calomel electrode (25°). 
When this solution is titrated amperometrically with 
standard 0.1 N chromium (II) chloride under rigor- 
ous exclusion of oxygen, the diffusion current corre- 
sponding to the above wave diminishes linearly with 
volume of titrant; at the same time an anodic wave, 
E,/.=—0.311 v vs saturated calomel electrode appears 
whose diffusion current reaches maximum development 
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Fic. 1. Top, cathodic wave of vitamin B,,; bottom, anodic 
wave of reduced vitamin B,,. 


coincident with the vanishment of the eyanocobalamin 
wave. During this operation the color of the solution 
changes from red to brown. Polarograms of ecyano- 
cobalamin and its reduction product are shown in 
Fig. 1; titrimetric data on replicate determinations 
are given in Table 1, and polarographic data in 
Table 2. 

It is evident that cyanocobalamin and its reduction 


TABLE 1* 
Cyanoco- Milli- 
balamin equivalents 
(mg) of Cr balamin 
13.62 ‘ae 9.01017 1341 
2.224 0.001679 1342 


* The sample of cyanocobalamin used in this investigation 
was 99.8% pure by solubility analysis on dry basis; drying 
loss was 22.8%. All data were obtained on hydrous crystals 
and corrected accordingly. 


TABLE 2 
Cyanoco- Reduction 
balamin product 
Ey, vs 8.C.E. - 1,021 -0.31 


1 
(1,362 mg/ee) (0.3094 mg/ee) 
mg/ee) 0.219 0.318 
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Fic. 2. Absorption spectra: a, vitamin B,,; b, reduced 
vitamin B,,; ¢, air-oxidized product ; d, (Cr enta)-. 


product form a system irreversible at the dropping 
mercury electrode, a situation not unexpected in view 
of the known loss of cyanide from cyanobalamin on 
reduction; furthermore, the equivalent weight of cy- 
anocobalamin found by reductive titration corre- 
sponds to a 1-electron transfer. The brown reduction 
product is not oxidized by bromate ion, whereas (Cr 
enta)* is quantitatively oxidized; however, exposure 
to oxygen at once eliminates the anodic wave, and the 
solution turns red. Interestingly, when the air-oxidized 
material is back-titrated with chromium (II) eom- 
plex, the solution becomes brown again, but no point 
ean be reached at which an excess of (Cr enta)* is 
present; apparently the product catalyzes the reduc- 
tion of water by Cr**. 

Diehl (1, 2) presents a polarogram obtained on a 
product termed by him vitamin B,,,, produced by re- 
ducticn of cyanocobalamin with hydrogen on plati- 
num catalyst. Two waves are shown at E;,.- 0.75 and 
— 1.37 v vs saturated calomel electrode; although their 
nature is not specifically defined, they are presumed 
to be cathodic, by comparison with a polarogram of 
eyanocobalamin superposed on the graph. This is 
surprising, because it would be anticipated that a 
substance having the oxygen avidity of reduced vita- 
min B,, would show anodic depolarization properties, 
as we indeed found. 

The absorption spectra of reduced cyanocobalamin, 
its air oxidation product, and (Cr enta)- ion at the 


TABLE 3 
ABSORPTION MAXIMA OF REDUCED VITAMIN B,, 
Wavelength 
(A) 
3853 179 
4597 12.5 
5537 23.6 


604 


end point of the titration are illustrated in Fig. 2, with 
numerical data in Table 3. Again, our reduction prod- 
uct differs radically from that of Diehl, for which ab- 
sorption maxima are listed at 4730, 4050, and 3125 A, 
Since the contribution to the absorption spectrum of 
reduced cyanocobalamin solution by (Cr enta)~ jis 
evidently negligible, the differences are real. 

Since Diehl reports that his vitamin B,,, could be 
back-titrated with potassium ferricyanide (consuming 
exactly 1 equivalent), the question is raised whether 
more than one reduction product of eyanocobalamin 
is possible. Inspection of Diehl’s polarographic data 
yields some pertinent information. He concludes that 
the polarographic reduction of cyanocabalamin in- 
volves two electrons (Co*+ — Co*) and that of his vita- 
min B,»,, two stages of 1 electron each (Co?+ Cot > 
Co°). However, his polarograms of eyanocabalamin 
and vitamin B,,, cover almost exactly the same volt- 
age range, a situation difficult to reconcile with the 
different final valence states of cobalt which are as- 
sumed. We have obtained polarograms on various non- 
erystalline degradation products of vitamin B,, which 
closely resemble that presented by Diehl for vitamin 
B,.,; in this connection, we are informed by E. A. 
Kaezka that the maximum yield of catalytic reduction 
products of cyanocobalamin which are regenerable to 
the starting material approximates 70%. Hence the 
conclusions of Diehl concerning the identity of his 
vitamin B,,, do not appear justifiable on the basis of 
evidence which he presents. For the polarographic re- 
duction of ecyanocobalamin to a compound of uni- 
valent cobalt, no such assessment is possible unless it 
ean be shown that reduction of the organic part of 
the molecule cannot occur. 

In conclusion, the evidence at our disposal indicates 
that the valence states of cobalt in vitamin B,, com- 
pounds are the normal 2 and 3, and that in the diva- 
lent state the anticipated anodic depolarization prop- 
erties are present. 
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Effect of Toluidine Blue on the Coagulation 
of Fibrinogen by Thrombin’ 


Thomas J. Haley and Bonnie Rhodes 


Division of Pharmacology and Toxicology, 
Atomic Energy Project, School of Medicine, 
University of California at Los Angeles 


Haley and Stolarsky (1) pointed out that, although 
Toluidine Blue was capable of inactivating heparin 
and decreasing coagulation time in vitro, the range 


1This article is based on work performed under Contract 


’ No. AT-04-1-GEN-12 between the Atomic Energy Commission 


and the University of California at Los Angeles. 
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within which this action occurred was narrow. Fur- 
thermore, beyond a concentration of 25 y/0.1 ml 
Toluidine Blue exerted an increasing anticoagulant 
effect. The complexity of the reactions oceurring dur- 
ing coagulation of rabbit plasma did not allow an 
assessment of the role played by Toluidine Blue in 
increasing the coagulation time. In an attempt to ob- 
tain more information about the influence of Toluidine 
Blue on the coagulation process, we have investigated 
its effect on the coagulation of fibrinogen by thrombin. 
Inasmuch as the results obtained indicate that the dye 
has a different effect on the purified system than on 
plasma, it appears that the anticoagulant effect of 
Toluidine Blue previously reported is not a direct 
effect on either fibrinogen or thrombin, but it is re- 
lated to some of the other factors in the coagulation 
process. 

A 1% solution of bovine fibrinogen (Armours, 
Fraction I, containing 40-50% sodium citrate) in 
imidazol buffer was prepared as directed by Ware 
and Seegers (2). This solution was kept in a refrig- 
erator overnight and centrifuged before use. Fresh 
solutions were prepared every 2 days. A stock solu- 
tion of bovine thrombin (Parke-Davis & Co) econ- 
taining 100 u/ml was prepared as directed by Ware 
‘and Seegers (2). A 1:10 dilution of this stock solu- 
tion was kept in an ice bath before it was made into 
a working dilution of 1: 200. The concentrations of 
Toluidine Blue in saline were 5, 10, 15, 25, 50, 75, and 
100 y/0.1 ml. 

Triplicate tubes containing 0.1 ml of dye and 0.2 
ml of fibrinogen solution were set aside for 0, 1, 2, 
5, and 10 min prior to the addition of 0.2 ml of 1: 200 
thrombin. In the second series of experiments the dye 
and the thrombin were mixed and set aside for 0, 2, 
5, and 10 min prior to the addition of the mixture to 
the fibrinogen solution. Control evaluations employed 
0.1 ml of physiological saline instead of the dye solu- 
tion. The endpoint was the time of first appearance 
of fibrin threads. 

In order to determine if the acidic groups in the 
fibrinogen reacted with the free primary amine group 
of the dye, spectrophotometrie analyses using the 0.5- 
em cell in the Cary Recording Spectrophotometer 
throughout the range 700 to 220 mu were made at dye 
concentrations of 5, 10, 15, 25, and 50 y/0.1 ml and 
time intervals of 0, 2, 5, and 10 min. pH determina- 
tions of the Toluidine Blue, fibrinogen-Toluidine Blue, 
and fibrinogen-Toluidine Blue-thrombin solutions were 
made with the Beckman pH meter. 

Figure 1 shows the results obtained at different time 
intervals when the dye and fibrinogen were mixed first. 
These results are based upon 9-12 determinations for 
each point on the curve, and the vertical lines repre- 
sent the standard deviation. The results obtained when 
the dye and thrombin were mixed first were practi- 
cally identical with those obtained when the dye and 
fibrinogen were mixed first, except that at the 10-min 
interval all dye concentrations completely inactivated 
the thrombin and no coagulation occurred. Compari- 
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Fie. 1. Effect of Toluidine Blue on coagulation of fibrinogen. 


son of the various curves in Fig. 1 shows that those 
for the 0, 5, and 10 min have a similar shape, with 
the dye increasing the coagulation time up to the 10- 
or 15-y concentrations and then acting as a coagula- 
tion accelerator thereafter. The results obtained were 
not due to changes in pH values because the Toluidine 
Blue solutions, at the concentrations employed, had 
values of 6.98-7.0 before mixing with the fibrinogen 
solution, and a value of 7.0 after mixing. The addi- 


605 


od- 
ab- 
of 
that 
in- 
rita- 
min 
volt- 
the 
non- 
hich 
ae | 
3 


tion of thrombin did not change the pH value of the 
Toluidine Blue-fibrinogen mixture. 

Visible absorption spectra were obtained at all dye 
concenirations. Absorption spectra were also obtained 
in the ultraviolet region, but the absorption contribu- 
tion of fibrinogen was so great at the concentration 
used in the coagulation studies that accurate measure- 
ments were not possible. Toluidine Blue gave a peak 
at 285 mu and fibrinogen one at 280 mu; the combi- 
nation gave a peak at 282 mu. The fibrinogen maxi- 
mum is the same as was previously reported by 
Waugh and Livingstone (3). 

The curves for the 1- and 2-min intervals have a 
similar shape but differ from those of the other time 
intervals at the 10-y concentration, where the dye 
produced a definite acceleration in coagulation. This 
effect was lost, however, at the 15-y concentration, 
where an increased coagulation time was observed. 
The accelerator effect seen at the 1- and 2-min inter- 
vals and at the 10-y dye concentration cannot be ex- 
plained on the basis of any effect on the thrombin 
because, although the dye-fibrinogen and dye-thrombin 
curves at the 2-min interval and at the 10-y dye con- 
centration were identical, the thrombin was still ac- 
tive in causing fibrin formations at the other dye con- 
centrations and time intervals. If the thrombin had 
been inactivated, no fibrin formation would have been 
detected beyond the 10-y dye concentration, but such 
interference with the reaction did not ovcur except at 
the 100-y dye concentration or when the time interval 
of interaction between the dye and the thrombin was 
increased to 10 min. 

On the other hand, it may have been possible that 
Toluidine Blue and fibrinogen reacted to form a com- 
plex similar to those observed by Michaelis (4) for 
the Toluidine Blue-nucleie acid system. If such were 
the case, however, definite differences in the absorp- 
tion spectra of the dye-fibrinogen system would have 
been apparent in the visible region, and there might 
have been a definite downward shift in the curve, in- 
dicating the presence of the dimeric and polymeric 
forms of Toluidine Blue. There were, however, no ob- 
vious changes in the absorption curve in either the 
presence or absence of fibrinogen. <“urthermore, the 
curves were identical with the Michaelis (4) curves 
for the monomeric form of Toluidine Blue. These data 
indicate an additive effect rather than a combination 
of the two substances. Both the visible and ultraviolet 
absorption data indicate that the dye and fibrinogen 
do not form a complex, or, if such a complex is 
formed, it is a very loose one which does not prevent 
thrombin from converting fibrinogen into fibrin. More- 
over, the coagulation-accelerating action of the dye at 
the higher dye concentrations might be considered 
further evidence of no rigid complex formation be- 
tween the dye and the fibrinogen. Furthermore, the 
endpoint, fibrin thread formation, cannot be confused 
with isoelectric precipitation of the fibrinogen because 
the isoelectric point of fibrinogen is pH 5.4 (5), 


whereas our evaluations were made at pH 7.0. The — 
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great differences in the molecular weights of Toluidine 
Blue (305) and fibrinogen (350,000) (6) make it 
doubtful that additional work using electrophoretic 
or ultracentrifuge techniques would increase our total 
knowledge of the reaction taking place. Further in- 
vestigation must be centered on the other purified 
components of the blood coagulation system; work on 
these factors will be reported in detail at a later date. 


References 


1. Hatey, T. J., and Sronarsky, F. Proc. Soc. Exptl. Biol, 
Med., 73, 103 (1950). 

Ware, A. G., and Sercers, W. H. Am. J. Clin. Pathol., 19, 

471 (1949). 

3. WauGH, D. F., and Livinestrone, B. J. J. Phys. & Colloid 
Chem., 55, 1206 (1951). 

4. MICHAELIS, L. Cold Spring Harbor Symposia Quant. Biol, 
Vol. XII. Menasha, Wis.: Banta, 131-142 (1947). 

5. STENHAGEN, E. Biochem. J., 32, 714 (1938). 

6. Ferry, J. D. Proc. Natl. Acad. Sci. U. 8., 38, 566 (1952). 


to 


Manuscript received October 13, 1952. 


The Part Played by Chlorophyll in Plant 
Transpiration Studied by a New 
Method: Hygrophotography 


Joseph Sivadjian 


Institut Pasteur, Paris, France 


It is known that the transpiration of leaves increases 
under the effect of light, the first action of which is to 
cause an increase of the stomatal aperture. The effects 
of the various spectrum radiations on green leaves are 
not the same; blue and red radiations, which are pre- 
cisely those absorbed by chlorophyll, prove to be the 
most efficient for increasing transpiration. The con- 
clusion arrived at was therefore that light acting upon 
chlorophyll would thus play an important part in 
plant transpiration. Van Tieghem (1) was even led 
to assume that in addition to the transpiration fune- 
tion proper of the leaf, as shown by its cells not con- 
taining chlorophyll, there also occurred a release of 
water vapor due to chlorophyll activity, to which he 
gave the name “chlorovaporization.” 

This notion of chlorovaporization was not accepted 
by all botanists, some of whom considered that the 
phenomenon of chlorovaporization does not occur or 
if it does occur, causes the vaporization of a very small 
amount of water which cannot be demonstrated ex- 
perimentally (2). 

The hygrophotographie method, which has been de- 
seribed elsewhere (3), offers a very sensitive and ex- 
tremely simple means for definitely solving this prob- 
lem. This method is based on the use of mercury and 
silver iodide gelatin photograph films or plates whose 
preparation has been described and whose properties 
have been shown (4). These plates, which are sensi- 
tive to light and normally yellow, blacken rapidly 
when exposed to light. They are also extremely sensi- 
tive to moisture and to water, which instantaneously 
diseolors the plate blackened through exposure. This 
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sensitiveness to moisture is such that it could serve for 
the study of the perspiratio insensibilis of the skin 
in human physiology and in pharmacology (5) and of 
leaf transpiration in plant physiology (6), or to re- 
cord rains or dew and mist (the last two on spider 
webs) in meteorology (7). 

When, in a printing frame a variegated leaf is ap- 
plied on a hygrophotographie plate preliminarily 
blackened by exposure, the hygrophotographic image 
appearing on the plate exactly reproduces, under the 
effect of transpiration which is more active in the 
green parts than in the etiolated parts, the contours 
of the green parts, the yellow areas not yielding any 
impression on the plate. This phenomenon is quite 
striking with leaves having an active transpiration 
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such as those of Acer negundo (Figs. 1 and 2), Abu- 
tilon savitzii, Tradescantia zebrina, and marginated 
leaf of Pelargonium. It is not appreciable with ecori- 
aceous and evergreen leaves such as those of Aucuba 
japonica or Evonymus japonicus the transpiration of 
which is extremely low. 

Figure 1 shows two leaflets of variegated Acer 
negundo photographed by direct lighting of leaflets 
placed on the sensitive paper; green parts therefore 
show up in white and etiolated parts in black. Figure 
2 represents the hygrophotography of these same Jeaf- 
lets; the green parts, which transpire actively, show 
up this time in black. 

Examination of these images shows that chlorophyll 
plays an active part in transpiration by promoting 
the release of water vapor by the leaves. 
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Numbers of Fungi and Bacteria in 
Transatlantic Air* 


S. M. Pady? and C. D. Kelly? 


Department of Botany and Department of Bacteriology, 
McGill University, Montreal, Quebec, Canada 


Aerobiological studies of fungi and bacteria were 
commenced in 1947 with samples from the Canadian 
Arctic (1, 2). Early qualitative work was supple- 
mented by techniques and apparatus designed for 
quantitative sampling from rapidly moving aircraft 
(3). Much variation was found in numbers of micro- 
organisms in both temperate and arctic regions which 
appeared to be correlated with specific air masses 
(4, 5). To obtain further data two flights were made 
in June and August 1951 from Montreal, Quebec, 
Canada, to London, England, and return, with RCAF 
squadron 426 in a North Star (DC-6) aircraft. This 
is a preliminary report on the numbers of fungi and 
bacteria obtained from continuous sampling on these 
two trips, and, as far as the authors are aware, it is 
the first quantitative study of fungi and bacteria over 
the Atlantic Ocean. 

The samplers were mounted as in previous flights 
(3), and the following samples were taken: 16 filters, 
121 sets of plates in the MeGill-GE sampler, and 19 

1This work was supported by grants from the Defence Re- 
search Board, Ottawa, Canada. 

2 Present address: Department of Botany, Kansas State 
College, Manhattan. 


* The invaluable technical assistance of Sharon Layne and 
Lucia Kapica is gratefully acknowledged. 
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TABLE 1 


Bacteria (B) AND Funai (F) per Custc Foor. Fuight MontTREAL, QuEBEC, TO LONDON, ENG- 
LAND, WITH STOPOVER AT GOOSE BAY, LABRADOR, JUNE 25-26, 1951, RCAF Nortu 
Srar. ALTITUDE 9000 Fr. FLigHT DuRATION 15 HR 30 MIN. SAMPLES—54 


Air mass MecGill-GE Slit Filter Fungus 
Flight 
Type Extent B F B F B F — 
Hr Min 
Montreal to Goose Bay Polar(?) continental 3 52 0.025 0.14 6.75 
Goose Bay to London Tropical 1 20 0.2 1.9 0.2 8.2 0.05 0.02 3.7 
Polar 5 10 0.0 0.1 0.05 0.9 0.0 0.01 1.0 
Tropical maritime 3 04 0.07 0.2 0.03 1.1 0.16 0.004 1.5 
Polar(?) maritime 1 2 0.05 0.1 0.05 0.4 0.02 0.006 — 
TABLE 2 


Bacteria (B) AND Fungi (F) Per Cusic Foor. Return Fiicut June 29-30, 1951. SToPoverRs 
at St. Evat, CoRNWALL, ENGLAND; KEFLAVIK, ICELAND; GREENWOOD, Nova Scotia. 


Fuieut DURATION 16 HR 55 MIN. ALTITUDE 8000 Fr. SAMPLES—63 


: Air mass McGill-GE Slit Filter Fungus 
Flight 
Type Extent B F 6F pe 
Hr Min 
London-St. Eval Tropical 1 07 0.03 4.8 0.56 9.0 
St. Eval—Keflavik Tropical 5 43 0.26 1.3 03 4.4 0.42 0.09 3.0 
Keflavik-Greenwood = Tropical 3 00 0.25 0.6 0.26 2.1 0.05 0.02 15.1 
Polar f 05 0.44 0.14 0.53 0.4 0.02 0.01 0.5 
Greenwood—Montreal No samples taken 
TABLE 3 
Bacteria (B) AND (F) per Cusic Foor. Seconp Fiienr Aueust 22-23, 1951. 
MONTREAL TO LONDON, WITH STOPOVER AT GoosE BAY. FLIGHT DURATION 
15 HR 14 MIN. ALTITUDE 9000 rr. SAMPLES—71 
Flight Air mass McGill-GE Slit Filter Fungus 
Type Extent B F BS B F spores 
Hr Min 
Montreal to Goose Bay Polar 30 04 15 0.2 2.6 
Tropical or mod. polar 1 46 0.18 1.6 0.3 4.5 0.036 0.26 26.5 
Polar 0.10 0.6 0.2 2.0 econtam 0.05 
Goose Bay to London ___ Tropical 1 20 0.1 0.7 0.31 6.4 0.02 0.01 2.5 
Polar 6 56 0.03 0.05 0.03 0.2 0.09 0.001 3.9 
Tropical maritime 2 58 0.04 0.2 0.04 1.4 0.03 0.003 1.2 
TABLE 4 


BAcTERIA (B) AND (F) per Cusic Foor. Return Fuicnt Avueust 26-27, 1951. 
STOPOVERS AT PRESTWICK, SCOTLAND, KEFLAVIK, AND GOOSE BAY. FLIGHT 
DvuRATION 15 HR 40 MIN. ALTITUDE 8000 Pt. SAMPLES—72 


McGill-GE 


8 


lit 


Filter 


Air mass 
Flight 
Type Extent B F B F 
Hr Min 
London to Prestwick Tropical 1 00 0.39 1.48 1.49 6.1 16.3 
Prestwick to Keflavik Tropical 1 03 0.3 11 0.92 8.8 
Polar 2 35 0.01 0.13 0.19 0.7 0.2 
Keflavik to Goose Bay Polar 1 ‘oe 0.03 0.06 0.17 0.5 0.35 
Goose Bay to Montreal Tropical mod. 3 650 0.18 0.5 0.11 0.9 3614 
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plates and 25 silicone slides (6) in the slit sampler. 
Exposure length was 1-3 hr for the filters; for all 
others, 15-30 min over land and 30-60 min over water. 
Complete data for each sample were obtained from 
the navigator’s log and from the main meteorological 
office of the Department of Transport at the Dorval 
Airport at Montreal, Quebec. Averages were made of 
the numbers of fungi and bacteria in the various air 
masses by each sampler and are summarized in Tables 
1-4. Numbers of bacteria are based on colonies, those 
of fungi on colonies and numbers of fungus spores. 

Wide variation in numbers of fungi and bacteria/cu 
ft is apparent from these data; it is due in part to 
the season of the year, the kind of samplers used, and 
the type of air mass encountered. More organisms were 
obtained in the August trip (Tables 3, 4) than in the 
June trip (Tables 1, 2) but the differences were not 
significant. The samplers varied considerably in their 
efficiency: for sampling fungi the filters were very 
inefficient, but for the bacteria, whose numbers with 
one exception were less than 1/cu ft, the filters were 
fairly satisfactory. Samples taken over land masses, 
particularly from Montreal to Goose Bay, had higher 
numbers than those taken over the ocean. 

There was no diminution of organisms in the sam- 
ples taken over the ocean. Colonies of fungi were pres- 
ent in all plates obtained, confirming the observations 
of Newman (7) over the Pacific Ocean. Bacteria were 
present in all samples in the August trip; in June, 
however, some plates had no colonies (Table 1). Fungi 
were more numerous than bacteria in all samples 
taken. The numbers obtained over the ocean are prob- 
ably correlated with air masses. Polar air had very 
low numbers of both bacteria and fungi, whereas trop- 
ical air had higher numbers, with fungi greatly out- 
numbering bacteria. In one tropical air mass 8.8 
fungi/eu ft were recorded from plates exposed in the 
slit sampler (Table 4). 

Silicone slide studies revealed high numbers of fun- 
gus spores in the air. Comparison with plate counts 
clearly indicates the presence of large numbers of 
spores which are either non-viable or are unable to 
grow on our media. Concentrations up to 15.1/eu ft 
were obtained over the ocean (Table 2), and up to 
361.4/eu ft over land (Table 4), while in the corre- 
sponding plates viable colonies of fungi were less than 
1/eu ft. The latter air mass was identified by meteor- 
ologists as polar, but the high numbers of fungus 
spores indicated a tropical continental origin. It is 
believed that this technique might prove useful in 
the identification of air masses. Additional informa- 
tion concerning these flights will be published sepa- 
rately (8). 
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Effect of Fungicidin (Nystatin) in Mice 
Injected with Lethal Mixtures of 
Aureomycin and Candida albicans 


Rachel Brown, Elizabeth L. Hazen, and 
Alice Mason 


Division of Laboratories and Research, New York State 
Department of Health, Albany and New York City 


Seligmann (1) recently demonstrated that sublethal 
doses of Candida albicans became highly lethal when 
mixed with aureomycin. Fungicidin' has both strong 
fungistatic and fungicidal activity in vitro against 
C. albicans (2, 3); therefore it seemed important to 
investigate its effect in association with aureomycin 
since moniliasis is believed by some to be a significant 
complication of aureomycin therapy. 

The fungicidin used for this work was prepared as 
follows: Methanol extracts of Streptomyces noursei* 
mycelia were concentrated in vacuo, and the dry resi- 
due suspended in a mixture of equal parts of 0.85% 
sodium chloride solution and butanol. The fungicidin 
suspended at the interface was collected, washed with 
saline, and dissolved in methanol by warming at 50- 
52° C. After chilling, the clarified extract was pre- 
cipitated with an equal volume of saline. The precipi- 
tate was again dissolved in methanol, and the chilled 
and clarified solution was precipitated by the addi- 
tion of 4 vol of ethyl acetate. This final precipitate 
was dried quickly with ether. In cup tests 3.1 ug/ml 
showed inhibition against C. albicans. For in vivo 
tests a fungicidin suspension containing 5 mg/ml was 
prepared as previously described (2). The subeuta- 
neous dose was 9.6 ml. 

The strain of C. albicans (No. 4657) used in the 
animal tests was obtained from Rhoda Benham. It 
was isolated from a case of generalized cutaneous 
moniliasis. (This eulture, since its isolation in 1946, 
has maintained its high virulence for rabbits: 0.2 ml 
of a 1: 100 suspension in sterile 0.85% sodium chlo- 
ride solution injected intravenously regularly kills 
rabbits of.2 to 2.5 kg between the second and third 
day, with the production of multiple abscesses in the 
cortex of the kidney.) The growth from a 48-hr eul- 
ture on Sabouraud’s agar slants was washed off with 
sterile saline and centrifuged at 1500 rpm for 30 min. 
The packed cells were resuspended in sterile saline 
(0.1 ml cells plus 2.4 ml saline) (1). A dose of 0.2 
ml of this suspension corresponded to approximately 
100 million viable cells. 

1 The senior authors have given the name Nystatin to their 
product fungicidin. It is being manufactured by E. R. Squibb 


and Sons under this name. 
2 Actinomyces No. 48240. 
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TABLE 1 


EFFECT OF FUNGICIDIN (NYSTATIN) IN Mice INJECTED wita A LETHAL MIXTURE OF 
Candida albicans AND AUREOMYCIN 


Treatment with fungicidin Results 
Autopsy findings 
Material injected . NEE Time of 
No. of Time of initial : 
Deaths* Gove) Gross lesions Cultural 
+7 None +t 
C. albicans + aureomycin 10/10 1 5 5 10 
C. albicans + aureomycin 1 At infection 4/10 3-8 4 2 2 
sé 10 2/10 2,13 1} 
«es ““ 1 4 hr before infection 5/ 5 1-6 4 1 5 
1 1/5 12 1 1 
‘6 10 1/ 5 3 1 1 
66 66 1 2 hr after infection 4/5 1-3 1 3 3 1 
lor ‘ 
sé 4 10/10 1-7 3 7 8 2 
C. albicans 7/10 2-12 4\) 3 1 
Aureomyein 0/10 
Fungicidin 0/10 


The.C. albicans suspension was administered intraperitoneally in a dose of 0.2 ml containing approximately 100,000,006 


viable cells. 


The CO. albicans and aureomycin mixture was administered intraperitoneally in a dose of 0.2 ml containing approximately 


100,000,000 viable cells and 1.9 mg of aureomycin. 


The aureomycin was administered intraperitoneally in a dose of 0.2 ml containing 2.0 mg. 
Fungicidin was administered subcutaneously in doses of 3 mg/0.6 ml, a single dose on the 1st day, two on the 2nd, 3rd, 


and 4th days, and one on the Sth, 8th, and 9th days. 


* Numerator=number of dead mice; denominator =total number of mice. 
+ Appearance of very small white masses on surfaces of liver, spleen, or kidneys, or on all three organs. 


t Isolation of C. albicans from peritoneal cavity. 


§ Examinations unsatisfactory owing to overgrowth with a spreading microorganism. 


|| Remaining mice too decomposed for autopsy. 


Crystalline aureomycin was dissolved in sterile 
saline solution, 10 mg/ml. For the combination of 
aureomycin and C. albicans 2.4 ml of this solution 
was added to 0.1 ml of packed cells. A dose of 0.2 ml 
of this mixture contained 100 million cells and 1.9 
mg of aureomycin. 

Ninety-five white mice (Albany strain) were em- 
ployed in two separate but similar experiments, 45 
mice in one and 50 in the second. Sixty-five were in- 
jected intraperitoneally with the mixture of aureo- 
mycin and C. albicans; 10 were given intraperitoneal 
injections of the saline suspension of C. albicans 
alone, and 10 aureomycin solution alone; 10 were in- 
jected subcutaneously with fungicidin alone. 

Of the sixty-five mice injected with the mixture of 
C. albicans and aureomycin, 10 received no fungicidin, 
and the remaining 55 were divided into groups and 
treated at different time intervals with single or mul- 
tiple doses of fungicidin. The mice were observed for 
16 days. The results of the two experiments are shown 
in Table 1. 

The 10 mice that received the mixture of aureomy- 
ein and C. albicans were dead within 24 hr, whereas 
7 of the 10 that received C. albicans alone survived 


from 2 to 12 days, and 3 were still alive and appeared 
well at the end of 16 days.* When a single injection 
of fungicidin (3 mg) was administered 2 hr before 
infection or at the time of infection, 10 of 15 mice 
were still alive at the end of 16 days. Subsequent re- 
peated injections of fungicidin did not significantly 
change the nature of the results. When the adminis- 
tration of fungicidin was delayed until 2 hr after in- 
fection, a single dose saved only 1 out of 5 mice, 
whereas continued treatment saved 3 out of 5. Fun- 
gicidin administered 4 hr before or 4 hr after infee- 
tion showed no protective effect beyond delay in the 
time of death. 

A single dose of fungicidin administered subeuta- 
neously 2 hr before the inoculation of an otherwise 
lethal mixture of C. albicans and aureomycin was 
highly protective. 


References 


1, SELIGMANN, E. Proc. Soc. Exptl. Biol. Med., 79, 481 (1952). 
2. Hazen, E. L., and Brown, R. Science, 112, 423 (1950). 
3. . Proc. Soc. Exptl. Biol. Med., 76, 93 (1951). 


Manuscript received October 20, 1952. 


* This strain of C. albicans is more virulent than that used 
by Seligmann. 
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Comments and Communications 


Preparation of the Phosphatase Reagent 
Disodium p-Nitrophenyl Phosphate 


Bessey and Love (1) have recently described a 
method for the preparation of the disodium salt of 
p-nitrophenyl phosphate which has the advantage of 
giving a better yield of the salt than the method of 
Ohmori (2). To obtain an essentially pure product, 
Bessey and Love recommend recrystallization from 
boiling 87% aleohol and drying over P,O,, stating 
that the preparation becomes yellower with time. 

During the development and use of a sensitive 
method of testing the efficiency of milk pasteurization 
(3), we have gained much experience of this substrate 
which, for the differentiation of the small amounts of 
residual! phosphatase left in heat-treated milk, must 
be of a high degree of purity and substantially free 
of yellow color. 

It has been found difficult to obtain colorless erys- 
tals of the p-nitrophenyl phosphate by methods in- 
volving the use of hot solvents, such as the reerystal- 
lization from boiling 87% alcohol or the precipitation 
with acetone from solutions in hot aqueous methanol 
as recommended by Axelrod (4). Pure white crystals 
are more easily obtained by the following modification 
of Axelrod’s .purification procedure. The erude di- 
sodium salt is dissolved in cold 90% methanol at the 
rate of about 20 ml/g, and an equal volume of acetone 
is added to the filtered solution. The erystals are fil- 
tered off and washed with a volume of acetone equal 
to that originally added. A second crop of erystals 
is obtained from the mixture of filtrate and washings. 
The crystals are spread on filter paper and air-dried. 

Disodium p-nitrophenyl phosphate crystallizes with 
2 molecules of H,O. It loses this water quite easily, 
and any loss causes yellowing of the crystals. Actual 
desiccation should, therefore, be avoided and air-dry- 
ing of the ether or acetone washed erystals should be 
considered the method of choice. During and after 
drying the erystals should be protected from strong 
light, as this is also detrimental. ~ 

In well-stoppered containers, colorless air-dried 
preparations have been kept in an ice box for several 
years without visible discoloration. Even at room tem- 
perature, little deterioration has been observed after 
storage for several months, provided that care has 
been taken to prevent any access of light. 

R. ASCHAFFENBURG 
National Institute for Research in Dairying 
University of Reading 
England 


References 
1, Bessey, O. A., and Love, R. H. J. Biol. Chem., 196, 175 
(1952). 
2. Onmort1, Y. Enzymologia, 4, 217 (1937). 
8. ASCHAFFENBURG, R., and Motien, J. E. C. J. Dairy Re- 
search, 16, 58 (1949). 
4. AXELROD, B. J. Biol. Chem., 167, 57 (1947). 


May 29, 1953 


Documentation 


THE paper by Raimon L. Beard et al. on documen- 
tation (Science, 116, 553 [1952]) was read with par- 
ticular interest. The collecting, classifying, coding and 
indexing of scientific and technical literature has be- 
come so large an undertaking nowadays that it is 
frightening to think what it will be like in even 10 or 
20 years. The only answer lies in some mechanical 
means of recording this enormous wealth of knowl- 
edge. But in the first place this information must be 
put on to a card, tape, dise, or film and that means a 
human indexer, since no machine ean yet read and 
understand a scientifie paper in a journal. 

Dr. Beard’s remarks about abstracting journals that 

. indexing is based on the titles or abstracts, not 
on the original contribution .. .” is not true of all 
these journals. Nor is the indexing of the original 
paper beyond the scope of the abstracting services as 
he claims it is. Through lack of funds, inadequate sup- 
port or staffing problems, it is necessary in some or- 
ganizations to index from an abstract; probably no 
editor or abstractor will agree that such index entries 
are as good as those prepared from the original paper. 

The ideal index entries must surely be prepared by 
the individual with a specialist knowledge of the sub- 
ject matter of the paper, who has read it, written the 
abstract and is therefore in the best position to know 
the units and sub-units of thought in the original. 
This demands a new approach to documentation in 
that it is the specialist (not an indexer) who does the 
work of abstracting and indexing, and can thus bring 
his expert knowledge to bear on both the subject mat- 
ter for the abstract and the right subject index entries. 

This system is not just a hypothetical ideal: it has 
been in practice very successfully in several centres, 
and in particular with Dairy Science Abstracts. The 
human indexer who is primarily a specialist is best 
able to put the proper entries into an index, be it 
eard, tape, dise or film. 


“ 


A. W. Marspen 
Commnowealth Bureau of Dairy Science 


Shinfield, Reading, England 


REGARDING our paper on documentation (Scrence, 
116, 553 [1952]), such generalities as referred to by 
Dr. Marsden inevitably lead to exceptions. The ab- 
stracting and indexing services merit the highest 
praise, and the exceptional ones deserve special recog- 
nition and encouragement in their efforts to perform 
an increasingly difficult function. 

With the assurance of Dr. Marsden that indexes to 
abstracts can be prepared in such a way that the im- 
portant casual observation, incidental to the main 
theme of a paper, gets recognition, the facilities being 
tested by the Chemical-Biological Coordination Center 
offer no advantages over the more conventional ap- 
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proach—insofar as an indexing system alone is con- 
cerned. To this extent, both efforts follow the “grow- 
ing trend in documentation toward considering units 
of thought as fundamental . . .” to quote from our 
paper. 

Although the CBCC also calls for specialists to 
catalog units of thought, the real novelty of its meth- 
ods lies in the medium of handling the units of thought 
in such a way that they can be searched from many 


different points of view, with wide choice as to degree 
of selectivity, and in simple or complex combinations 
not possible by any other existing scheme. 
Ramon L. Bearp 

Karu F. Hevmany 
Connecticut Agricultural Experiment Station 
New Haven, and 
National Research Council 
Washington, D. C. 


Book Reviews 


Geology. O. D. von Engeln and Kenneth E. Caster. 
New York-London: MeGraw-Hill, 1952. 730 pp. 
Illus. $7.00. 


Another in the series of new textbooks in the field 
of general geology, this book combines the talent of a 
well-known physical geologist of senior citizenry and 
the efforts of a paleontologist of established position. 
The new text, of pleasing appearance, attempts an 
integration of physical and historical geology into a 
single unit by interrelated chapters stressing prin- 
ciples of both subjects simultaneously, and avoiding 
either the artificial separation of physical from his- 
torical that is sometimes found, or the repetition neces- 
sary in two separate treatments. Throughout, as ideas 
are presented, relationships to paleontologie and 
stratigraphic principles are explained. 

The text is organized in what is probably correctly 
termed “the conventional approach.” Major headings 
are (1) “Introduction to Geology,” 3 chapters; (2) 
“The Natural History of Igneous Rocks,” 6 chapters; 
(3) and “Structure, Process, Forms,” 13 chapters, 
which completes the section devoted primarily to phys- 
ical geology (52% of the 706 pp.). “Geologie His- 
tory” follows time-scale subdivisions beginning with 
“Cenozoic Era,” 4 chapters; “Mesozoic Era,” 3 chap- 
ters; “Paleozoic Era,” 7 chapters; and “Cryptozoic 
Eon,” 3 chapters. Transition from physical to histori- 
eal geology is accomplished by closing physical with 
glaciation, and opening historical with the Pleistocene 
glacial epoch. It will be interesting to discover, as 
usage of this text progresses, if tle technique of new- 
est to oldest in chronology of historical geology takes 
any better today than it did in earlier texts similarly 
constructed. 

Few geologists will disagree with the writers that 
“A basie text in geology should present the subject 
so as to afford the student . . . inspirational satisfac- 
tion,” or with their position that the text should also 
provide a “comprehensive survey of the science to 
furnish an adequate sound foundation for the ad- 
vanced courses that comprise the training of the pro- 
fessional geologists.” That these two important objec- 


tives can be effectively met in the same textbook is an - 


open question. The numerous texts that have appeared 
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in the past 10 years, with only one exception so far 
as this reviewer is aware, have attempted by monoton- 
ously similar techniques to accomplish these objec- 
tives. The adding of new texts searcely seems justified, 
no matter how sincerely conceived, unless unusual new 
approaches can be introduced to reach the varied ob- 
jectives customarily attempted. 

The illustrations are well placed and the diagrams 
attractive. Many are new and original with this book. 
Some are not as effective as they might be were print- 
ing contrasts greater. 

The vocabulary of geology is emphasized through- 
out. Questions for review found at regular intervals 
whose purpose is defined as permitting “the student to 
know just what is expected of him in . . . comprehen- 
sion ... (and serving) ... the teacher . . . for tests” 
could, in this reviewer’s opinion, be more imaginative 
and more commanding of the interrelationships of 
geological principles, rather than the fact mastery. 

Emphasis is placed on reducing the special difficulty 
of mastering a multitude of technical terms, and it is 
asserted that “to facilitate attainment of . . . profi- 
ciency the explanation of each technical term appears 
where it is first used.” This objective is reached in text, 
but it would appear that little thought was given when 
illustrations were inserted, since terms are introduced 
in subtitles without definition before the concept is 
introduced in the text, such as in Fig. 39, page 90, 
where cirque and alluvial fan are introduced, with ex- 
planations on pages 112 and 340, respectively, top-set 
beds, Figs. 50 and 52, pages 109 and 111, and bottom- 
set beds, Fig. 51, page 110, defined on page 132. Some 
words new to text treatments, such as “glacierization,” 
are introduced as though they were stock. Some new 
limitations on common concepts such as restricting 
magma to plutonic environments, and legalizing 
“molten lava” for surface magma, appear. This usage 
may be desirable in modern petrology, but it will prob- 
ably have limited adoption. A noble effort is found in 
earefully explaining basic language roots for all tech- 
nical terms. A few careless statements are evident, such 


1One important implementation is the recent announce 
ment that a systematic set of 290 colored slides keyed to this 
text is available from Ward's Natural Science Establishment, 
Rochester, N. Y 
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as (p. 7): “Every crystal is found to fit into one of 
six systems, each of which is determined by the rela- 
tions of its three axes,” but in general the text is re- 
markably free from such minor ineongruities. 

The paleogeographic maps are well drawn, although 
the reproduction might be improved. Use of an over- 
lay transparency, to emphasize the importance of 
crustal shortening in orogeny since the period to which 
the paleogeographic condition applied, is eommend- 
able, because students rarely make an adequate trans- 
lation from the geography of the geologie past to the 
present. It is questionable, however, whether the scale 
of the overlay and maps will accomplish the desired 
objective. The presentation of life sequences is un- 
usually interesting, but some will think too much 
paleontologic and stratigraphic nomenclature is in- 
eluded. 

The text gives a well-rounded and adequate presen- 
tation which is skillfully woven to make interesting 
reading. The user will find the text satisfactory, and, 
where the introductory course is a single unit of both 
physical and historical geology, the book should be 
superior to others on the current market. 


Rosert W. WEBB 
National Research Council, Washington, D. C. 
and University of California 
Santa Barbara 


Scientific Book Register 


Metabolic Interrelations: With Special Reference to 
Calcium. Transactions of the Fourth Conference, Janu- 
ary 7-8, 1952, New York. Edward C. Reifenstein, Jr., 
Ed. New York: Josiah Macy Jr. Fdn., 1952. 262 pp. 
Tilus. $4.50. . 

Introduction to Evolution. Paul Amos Moody. New York: 
Harper, 1953. 475 pp. Illus. $6.00, 

Wood Chemistry, Vol. 2. American Chemical Society 
Monograph #97. 2nd ed. Louis E. Wise and Edwin C. 
Jahn, Eds. New York: Reinhold, 1952. 652 pp. Illus. 
$15.00. 

Biochemistry of Disease (M. Bodansky and O. Bodansky). 
2nd ed. Osear Bodansky. New York: Maemillan, 1952. 
1208 pp. Illus. $12.00. 

Demand Analysis: A Study in Econometrics. Herman 
Wold, in association with Lars Juréen. New York: 
Wiley; Stockholm: Almqvist & Wiksell, 1953. 358 pp. 
Illus. $7.00. 

Rayon Technology (Including Acetate): Handbook for 
Textile Mills, 2nd ed. Prepared by the Textile Research 
Department, American Viscose Corp. New York—Lon- 
don: McGraw-Hill, 1953. 344 pp. Illus. $7.00. 

Chemical Analysis of Industrial Solvents. Morris B. 
Jacobs and Leopold Scheflan. New York—London: 
Interscience, 1953. 501 pp. Illus. $10.00. 

Qualitative Analysis and Analytical Chemical Separa- 
tions. Philip W. West, Maurice M. Vick, and Arthur 
L. LeRosen. New York: Macmillan, 1953. 223 pp. 
Illus. $3.75. 


Association Affairs 


Preliminary Announcement 
Seventh Boston Meeting 


December 26-31, 1953 
Reymond L. Taylor, Associate Administrative Secretary 


From the programs and other events already ar- 
ranged, it is apparent that the 120th Meeting of the 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF 
Science will be particularly well balanced, well at- 
tended, and significant—one of the best meetings in 
the long annals of the Association. At this time the 
Association, soon to enter its 106th year, with 238 
affiliates and 50,000 individual members, is on the 
threshold of careful studies to see how its services to 
science, to scientific organizations, to scientists, and 
to society may be improved and increased. 

One of the fundamental purposes for which the 
Association was founded, in September, 1848, still 
endures: “. . . by periodical and migratory meetings, 
to promote intercourse between those who are culti- 
vating science in different parts of the United States 

. 2” At Boston this December the annual meeting 
for the year 1953 once more will bring together lead- 
ers and younger men and women in the principal fields 
of science, not only to read papers reporting current 
research and to discuss their specialties, but also to 
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attend outstanding symposia and to consider some 
of the problems that affect science and the world 
today. This 120th Meeting has as its theme “Scientific 
Resources for Freedom,” and a number of the 18 see- 
tions of the Association and participating societies 
will have programs devoted to physical resources, 
scientific manpower, and scientific techniques—men, 
materials, and methods—related to the national econ- 
omy, security, and welfare. 

Although this year’s 120th Meeting is typical of 
AAAS meetings in the past—with national meetings 
of large societies, interdisciplinary sectiona! symposia, 
sessions for contributed papers arranged by many of 
the sections, distinguished evening addresses, a large- 
seale Exposition of Science and Industry, and a show- 
ing of the latest foreign and domestic scientific films— 
there is a growing trend toward recurrent conferences 
in which many scientists, irrespective of their special- 
ties, will be interested. At Boston, in addition to the 
Academy Conference, representing the 40 academies 
of science now affiliated with the Association, the Con- 
ference on Scientific Editorial Problems II, and the 
Conference on Scientific Manpower III, there will be 
one or two sessions on “The Scientist in American 
Society” and two sessions on “Transmission of Ideas.” 
For the first time in many years, a past president of 
the British Association for the Advancement of Sei- 
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ence, Dr. A. V. Hill, will be present and will address 
the American Association. 

AAAS general symposia. The Association will spon- 
sor two general symposia, each of two sessions, in ac- 
cordance with the decisions of the 1953 Symposium 
Committee consisting of E. U. Condon, chairman; 
Frank A. Beach; Bart J. Bok; Charles D. Coryell; 
A. M. Gaudin; A. Baird Hastings; Jerome C. Hun- 
saker; James R. Killian, Jr.; Paul C. Mangelsdorf; 
Philip M. Morse; Alfred C. Redfield; Francis O. 
Schmitt; Earl P. Stevenson; George B. Wislocki; 
and Raymond L. Taylor, secretary. 

On December 27, the general symposium, “Species 
Which Feed Mankind,” suggested and planned by 
Paul C. Mangelsdorf will deal with the scientific as- 
pects of several of the critical species of plants and 
animals that comprise the basic food sources of man. 
Although the symposium will stress the most recent 
findings in genetics, plant pathology, and animal hus- 
bandry, it is important for all. 

On December 29, the second general symposium, 
“The Sea Frontier,’ with Alfred C. Redfield and 
Jerome C. Hunsaker as co-chairmen, will bring to- 
gether a number of the phenomena of the- interface 
of land and salt water. Aspects included will be the 
geology of beaches, littoral oceanography, marine 
ecology, and interrelated engineering and industrial 
problems. 

Focus of the meeting. The activities of the meeting 
period will center in downtown Boston in the Me- 
chanies Building at 111 Huntington Avenue. Here will 
be located the Main Registration and Information 
Center (the only source for special booklets on Bos- 
ton’s points of interest and other literature), the Vis- 
ible Directory of Registrants, the AAAS Office, the 
AAAS Science Theatre, and the Annual Exposition 
of Science and Industry. In the meeting rooms of the 
building will be held the general symposia and prin- 
cipal sectional programs and, from 8:30 to 11:30 
P.M., December 29, the Biologists’ Smoker. In nearby 
Copley Square, the geneticists will oceuny the Shera- 
ton Plaza Hotel, and other sessions will utilize andi- 
toria in the Boston Public Library and in Boston Uni- 
versity Junior College. Three blocks east of Copley 
Square, the zoological societies will be based at the 
Statler Hotel, and two blocks farther, the three sci- 
ence teaching societies will meet in the Hotel Brad- 
ford. In Horticultural Hall, three blocks in the oppo- 
site direction from Mechanics Building, there will be 
other sessions. Between the extremes in each direction, 
the distance is little more than one mile. In general, 
no one will be more than 5 to 10 minutes away from 
any other meeting point. Underground trolleys along 
Huntington Avenue and Boylston Street, with sub- 
way connections, will be convenient for those who 
wish to visit demonstrations or open houses at MIT 
and Harvard University. 

Hotels. The Statler Hotel will be AAAS Head- 


quarters and the locale of such evening events as the - 


Association’s Presidential Address, by Detlev W. 
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Bronk, and the AAAS Reception on December 28, 
and also the annual addresses of the Scientific Re- 
search Society of America, the Society of the Sigma 
Xi, and the United Chapters of Phi Beta Kappa, the 
dates of which will be announced. Sessions will be 
held in the Statler (zoologists), the Sheraton Plaza 
(geneticists), and in the Bradford Hotel (science 
teachers). Other hotels, to be used primarily for sleep- 
ing accommodations, are: the Touraine and Parker 
House in downtown Boston; the Copley Square, 
Lenox, and Vendome, near Mechanics Hall; and the 
Somerset and Kenmore on Commonwealth Avenue in 
the Back Bay area. Headquarters of each participa- 
ting society will be given in a later announcement. 
Detailed housing information and a coupon for room 
reservations will appear in Scrence and THE Screy- 
TIFIC MONTHLY beginning about the end of July. 
Advance registration. As in recent years, advance 
registrants will receive the General Program-Directory 
early in December by first-class mail. Coupons will 
appear in the AAAS journals beginning in late July. 


THE PROGRAMS 
A—Mathematics 
Section A will schedule a vice-presidential address, 


B—Physics 

Section B will have two symposia; in addition, it 
will cosponsor with Section M ‘‘ Transformations within 
Metallic Crystals’’ arranged by A. M. Gaudin, and 
the symposium of Section D; the retiring vice-presiden- 
tial address, on a subject relating to the upper atmos- 
phere, will be given by O. E. Hulburt. The American 
Meteorological Society will hold a national meeting 
with two or more sessions for papers. 


C—Chemistry 

Section C, with Randolph T. Major as program chair- 
man, will have several sessions for contributed papers, 
principally on Dec. 27, and a six-session symposium 
‘*Feeding the Nation’’: I and II—Human and Animal 
Nutrition arranged by Robert 8. Harris; I1I—Chemi- 
cals in Food, by Charles N. Frey; IV—Chemistry of 
the Sea as Related to Food Problems, by Harold J. 
Humm; V—Growth and Nutrition of Plants, by P. W. 
Zimmerman; VI—Recent Progress in Food Processing, 
by B. E. Proctor. Appropriate parts will be cospon- 
sored by Sections Nm, G, and O. Dr. Major will give 
the vice-presidential address. Alpha Chi Sigma will 
schedule a Chemists’ Luncheon. 


D—Astronomy 

Section D will have a comprehensive symposium and 
panel discussion on ‘‘Current Progress in Radio As- 
tronomy’’ arranged by Bart J. Bok, and a vice-presi- 
dential address, ‘‘Identifications of Solar Lines,’’ by 
Charlotte Moore Sitterly, the morning, afternoon, and 
evening of Dec. 26, in the Lecture Hall of the Ameri- 
ean Academy of Arts and Sciences. 


E—Geology and Geography 
Section E is scheduling a two-session symposium in 
geology and two one-session symposia in geography 
concurrently on Dee. 28; a two-session symposium, 
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‘*Water for Industry,’’ on Dec. 29; and concurrent 
sessions for contributed papers in geology and geogra- 
phy, Dee. 30 and 31, with appropriate parts of the 
week’s program cosponsored by the Geological Society 
of America and the New England Division, Association 
of American Geographers. The Geologists’ Smoker and 
vice-presidential address by Arthur C. Trowbridge will 
be the evening of Dec. 30. The National Speleological 
Society will meet the afternoon of Dec. 26. 


F—Zoological Sciences 

The American Society of Zoologists will open four 
days of sessions Dec. 27 with a symposium, have four 
concurrent sessions the mornings and afternoons of 
Dec. 28 and 29, and a second symposium and demon- 
strations at Harvard on Dec. 30. The Zoologists’ Din- 
ner will be on the evening of Dec. 29; an illustrated 
address will be given by Paul Weiss, vice-president of 
Section F, which will cosponsor the American Society 
of Zoologists symposia. The Herpetologists League will 
meet the afternoon of Dec. 28. The recently incor- 
porated Massachusetts Zoological Society will have ses- 
sions for papers. The Society of Systematic Zoology 
will open four days of meetings with a symposium the 
evening of Dec. 27, hold sessions for papers, and busi- 
ness meetings the other days. 


FG—Zoological and Botanical Sciences 

Among the societies whose fields lie in both botany 
and zoology, the American Society of Naturalists this 
year will hold its annual meeting with the Associa- 
tion with a business session, a symposium, and a presi- 
dential address. Beta Beta Beta will hold its bien- 
nial convention, with an address by Edmund W. Sinnott, 
executive sessions on Dec, 28, and a luncheon and after- 
noon session on Dec. 29. The American Society of 
Human Genetics has scheduled three morning sessions 
for papers, Dec. 28-30; a business meeting, Dec. 28; 
three afternoon symposia: ‘‘ Human Genetics and Med- 
ical Education,’’ Dec. 28, ‘‘Genetic Factors Affecting 
Intelligence,’’ jointly with the American Eugenics So- 
ciety, Dec. 29, and ‘*‘Genetics ana the Races of Man,’’ 
cosponsored by the Genetics Society of America, Dec. 
30. The annual dinner and presidential address of the 
society, by C. P. Oliver, will be on the evening of Dec. 
29 at the Copley Square Hotel. The sessions of the 
annual meeting of the Genetics Society of America in- 
clude meetings of the Executive Committee, Dec. 27 and 
30; concurrent sessions for papers Dec. 28-30; a lunch- 
eon, business meeting, and demonstrations the after- 
noon of Dec, 29; and the joint symposium ‘‘ Genetics 
and the Races of Man,’’ with the American Society of 
Human Genetics. The Ecological Society of America 
will cosponsor appropriate sessions of Section G and 
of the American Society of Zoologists and may have a 
program of its own. The Society for the Study of Evo- 
lution will have a program at Boston, arranged by 
Alfred Romer, and it is expected that the Society for 
Industrial Microbiology will again have several days 
of sessions with the AAAS. The National Association 
of Biology Teachers will hold its annual meeting, Dec. 
27-31 with the Association. 


G—Botanical Sciences 
Section G will have sessions for contributed papers, 
a number of symposia—including one of two sessions 
on ‘*Native American Crop Plants and Climatic His- 
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tory in Relation to Man,’’ arranged by Volney Jones 


‘and cosponsored by Section H, and one on plant physi- 


ology cosponsored by the New England Section of the 
American Society of Plant Physiologists—and a Botan- 
ists’ Dinner at which Edgar Anderson will give the 
vice-presidential address. 


H—Anthropology 


Section H will have a two-session symposium on 
**Non-Human Primates and Human Evolution’’ ar- 
ranged by James A. Gavan, Dec. 27; a symposium on 
‘*Theoretical Models for the Study of Cultural Process 
and Change’’ by Evon Z. Vogt; the joint symposium 
with Section G; a group of invited papers on ‘‘ New 
England Archaeology’’ arranged by Douglas Byers, 
Dee. 29; and sessions for contributed papers, Dee. 29, 
in the fields of archaeology, social anthropology, ete. 
The Anthropologists’ Dinner and vice-presidenti-1 ad- 
dress by Clyde Kluckhohn will be on the evening of 
Dee. 27. 


I—Psychology 


The program of Section I includes sessions for in- 
vited papers on the areas of learning, comparative be- 
havior, brain function, human engineering, and sensory 
processes—arranged, respectively, by Fred D. Sheffield, 
Burton 8S. Rosner, Walter A. Rosenblith, Leonard C. 
Mead, and Edwin B. Newman—and for contributed 
papers, over the period Dec. 28-30. The vice-presiden- 
tial address will be given on the evening of Dec. 30 by 
Frank A. Beach. 


K—Social and Economic Sciences 


Section K has planned two or three two-session sym- 
posia, including ‘‘Economie Problems of New Eng- 
land,’’ Dec. 27, and ‘‘ Effects of War on Scientific De- 
velopment,’’ Dee. 29. The National Academy of Eco- 
nomics and Political Sciences will have a symposium 
cosponsored by Section K and in collaboration with 
Pi Gamma Mu. 


L—History and Philosophy of Science 


The program of Section L includes a joint sym- 
posium, ‘‘Art and Science,’’ with the Philosophy of 
Science Association, on the afternoon of Dec. 27; on 
Dec. 28 a symposium, ‘‘Criteria for Validity in Sci- 
ence’’ arranged by Philipp G. Frank, cosponsored by 
the Institute for the Unity of Science; and a joint 
symposium, ‘‘Science and General Education,’’ with 
Section Q and the History of Science Society. The His- 
tory of Science Society, holding its annual meeting 
with the AAAS, will have a day or two of contributed 
papers and other events and will cosponsor appropriate 
symposia of Section L. The Philosophy of Science As- 
sociation will arrange a program for Dec. 30 and co- 
sponsor the symposia of Section L. 


M—Engineering 


Section M will have a series of symposia: ‘‘ Aids to 
the Blind,’’ arranged by Eugene F. Murphy, cospon- 
sored by Sections N and I; ‘‘Safety as a Natural Re- 
source’’; ‘*The Boston Banks and the Growth Poten- 
tial of New England’’ cosponsored by Section P; and 
the one on metallic erystals referred to under See- 
tion B. 
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N—Medical Sciences 

Alpha Epsilon Delta National Premedical Honor So- 
ciety will hold its annual luncheon Dee. 29. The Ameri- 
can Physiological Society again will have a symposium 
under the auspices of the Survey of Physiological Sci- 
ence. The American Association of Hospital Consul- 
tants will sponsor a symposium on ‘‘The Research 
Function of the Hospital’’ arranged by E. M. Blue- 
stone; speakers include Jack Masur, Dean A. Clark, and 
Harvey Agnew, and discussants. 


Subsection Nd—Dentistry 
Subsection Nd plans three sessions on Dec. 29 ar- 
ranged by Howard R. Marjerison. 


Subsection Nm—Medicine 
Subsection Nm will sponsor a four-session symposium 
**Antimetabolites and Cancer’’ arranged by Cornelius 
P. Rhoads and Allan D. Bass, Dec. 28 and 29. The 
vice-presidential address will be given by Dr. Rhoads. 


Subsection Np—Pharmacy 

Over the period Dec. 26-31, Subsection Np will have 
sessions for contributed papers and symposia cospon- 
sored by the Scientific Section of the American 
Pharmaceutical Association, the American Society of 
Hospital Pharmacists, the American Association of 
Colleges of Pharmacy, the American College of Apothe- 
caries, the American Drug Manufacturers’ Association, 
and the American Pharmaceutical Manufacturers’ As- 
sociation. 


O—Agriculture 


Section O plans some four sessions for Dec. 28 and 
29. 


P—Industrial Science 
Section P, now in its third year, will have a program 
arranged by Francis J. Curtis. The New England Sec- 
tion of the American Industrial Hygiene Association 
will have a two-day program arranged by W. M. Pierce, 
consisting of joint meetings with other groups on Dec. 
28, a technical session of the society the morning of 
Dee. 29, and papers of general interest on industrial 
hygiene, on the afternoon of Dec. 29. (Those interested 
in giving papers should communicate with F. J. Viles, 
Jr., Department of Inilustrial Medicine, MIT.) The 
Society for Industrial Microbiology, it is expected, will 
have sessions for contributed papers and a symposium, 

as in prior years. 


Q—Education 
Section Q plans a two-session symposium on ‘‘ Visual 
Efficiency in Industry’’ and another of three sessions 
on ‘*Conserving Human Resources,’’ sessions for con- 
tributed papers, and a vice-presidential address by 
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Donald D. Durrell, Dee. 28-30. The AAAS Cooperative 
Committee on the Teaching of Science and Mathematics 
will have a two-session symposium, arranged by George 
G. Mallinson and cosponsored by Section Q and the 
three science teaching societies, Dee. 27. The National 
Science Teachers Association will have three days of 
sessions, a number of them concurrent, others joint with 
the National Association of Biology Teachers and the 
American Nature Study Society, Dec. 28-30. The Amer- 
ican Nature Study Society’s annual meeting, from 
Dec. 26-30, includes a program on marine biology, two 
sessions on animal ecology, sessions and presidential 
address, and a joint field trip with the National Asso- 
ciation of Biology Teachers. 


X—Science in General 


The Committee on Disaster Studies, National Re- 
search Council, is sponsoring the symposium, ‘‘ Disaster 
Recovery II,’’ arranged by Harry Williams. The Na- 
tional Association of Science Writers will hold its 
annual meeting with the AAAS and have a program. 
The Scientific Research Society of America and the 
Society of the Sigma Xi will sponsor evening addresses 
and, on Dee. 29, hold their annual conventions with the 
Association. The National Geographic Society and the 
United Chapters of Phi Beta Kappa will arrange eve- 
ning addresses. 


Call for Papers by AAAS Sections 


The following sections of the Association will have 
sessions for contributed papers. The secretaries or 
program chairmen to whom titles and brief abstracts 
should be sent, not later than September 30, 1953, fol- 
low: 


C—Chemistry Dr. Ed. F. Degering, George Washing- 
ton Inn, New Jersey and C Streets, 8.E., Washington, 
D. C. 

E—Geology and Geography Dr. Jack B. Graham, 3400 
North Westmoreland Street, Falls Church, Va. 

G—Botanical Sciences Dr. Stanley A. Cain, School of 
Natural Resources, University of Michigan, Ann Arbor, 
Mich. 

H—Anthropology Dr. Gabriel Lasker, Wayne Univer- 
sity, 1512 St. Antoine Street, Detroit 26, Mich. 

I—Psychology Dr. William D. Neff, Department of Psy- 
chology, University of Chicago, Chicago 37, Ill. 

Nd—Dentistry Dr. Russell W. Bunting, School of 
Dentistry, University of Michigan, Ann Arbor, Mich. 

Np—Pharmacy Dr. George F. Archambault, Pharmacy 
Branch, Division of Hospitals, Federal Security Agency, 
Public Health Service, Washington 25, D. C. 

O—Agriculture Dr. C. E. Millar, Department of Soil 
Science, Michigan State College, East Lansing, Mich. 

Q—Edueation Dr. D. A. Worcester, University of Ne- 
braska, Lincoln, Neb. 
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Ko jak reports to laboratertes on: 


high resolution plates ...the mitigation of office drudgery ...a reduction 
in the price of excess C'*...a new projector for detailed study of 16mm movies 


High resolution 


Kodak Spectroscopic Plates, Type 
548-GH, compromise the conflict 
between high sensitivity and high 
resolution far in the direction of the 
latter. With suitable optics they can 
resolve more than 1,000 lines per 
millimeter, and yet they are only 
about twenty times slower than the 
Kodak Lantern Slide Plate. We 
have seen 70,000 well formed char- 
acters laid down in a 5-sq. in. area 
on these “548-GH’s.” It’s done as 
a routine manufacturing operation, 
too. 

Now, what with manufacturers 
getting ideas for these wondrous 
plates, while reticle makers, micro- 
radiographers, and sundry other 
enthusiasts continue to cry for them, 
we remove these plates from the 
“Kodak Spectroscopic” classifica- 
tion and turn the job of manufac- 
turing them over from the labora- 
tory to the factory. We highly re- 
solve that under their new name of 
Kodak High Resolution Plates, they 
will continue to provide resolution 
as high as ever. 

Kodak High Resolution Plates are 
sold by Kodak Industrial Dealers, gen- 
erally after details about sizes, glass 
thickness, etc., have been cleared up in 
correspondence directly with Eastman 


Kodak Company, Industrial Photo- 
graphic Division, Rochester 4, N. Y. 


Verifax copying 


This young lady is demonstrating 
the new, revolutionary, and unique 
Verifax Printer, a form of salvation 


from drudgery for millions of her 
typewriter-pounding sisters, includ- 
ing the one who works for you. 
Surely her time can be more profit- 
ably used than in copying reports, 
letters, cards, charts, etc., when a 
ready-to-use Verifax copy can be 


made in a total elapsed time of 50 
seconds, two more in the next 10 
seconds, often as many as six from a 
single sensitized sheet. That sheet is 
a rather fundamental new develop- 
ment from the Kodak Research 
Laboratories. Roomlight-handling, 
it incorporates its own developer 
and dye-former. After reflex expo- 
sure within the machine, this sheet 
is “floated” into a built-in tray of 
activator. The whole sheet blackens 
in a few seconds, but wherever white 
space on the original document re- 
sulted in light exposure, the more 
vigorous development reaction re- 
leases a product which locally hard- 
ens the gelatin. The unhardened 
areas, representing what was dark 
on the original document, are now 
left soft and black and readily trans- 
ferable to as many as six successive 
sheets of plain, dry, unsensitized pa- 
per pressed with it through a roller 
on the unit. If your young lady ap- 
preciates such niceties of physical 
chemistry—congratulations! But 
even if she doesn’t, the copies will be 
just as good and still cost less than 
five cents apiece for three made 
from one matrix. 

The Verifax Printer will sell for $240. 
If yow ll write to Eastman Kodak Com- 
pany, Industrial Photographic Division, 
Rochester 4, N. Y., we'll arrange for a 


demonstration, as equipment becomes 
available in your locality. 


We've recently cut the price of 
Barium Carbonate from $400 per 
gram of excess C!) to $160 per 
gram. This is very special barium 
carbonate. Sixty to seventy percent 
of the carbon atoms in it are of the 
C!3 species, as compared with the 
1.1% abundance of this species of 
carbon atom ordinarily encoun- 
tered wherever carbon occurs. We 
ask purchasers of it to specify not 
how much barium carbonate they 
want or even how much C!3 they 
want (there is, of course, plenty of 
C!3 all about you), but the weight 
of excess C!5 desired. To people 
equipped with a mass spectrometer 
and engaged in tracer studies where 
radioactivity is a nuisance, it will 
also be gratifying news that we have 


This is one of a series of reports on the many products 
and services with which the Eastman Kodak Company and 
divisions are... serving laboratories everywhere 


slashed prices on the other three 
C!3-enriched Eastman Isotope Con- 
centrates we supply. 

If you're interested in the details on 
Barium Carbonate (Eastman C13- 
6020), or other Eastman Isotope Con- 
centrates of C'\3 or N'5, write to Distil- 
lation Products Industries, Eastman Or- 
ganic Chemicals Depart- 
ment, Rochester 3,N. Y. | 


“Analyst” projector 

This is for those who use 16mm 
movies for dispassionate purposes: 
the analysis of cavitation, of the 
motion of cilia, of malfunction in a 
tapping machine, of a girl assem- 
bling a cigarette lighter, of a sopho- 
more’s performance at tackle, and 


so on through the myriad of ap- 
plications of high speed and normal 
speed cinematography. 

We now offer the Kodascope 
Analyst Projector for the minute 
study of silent 16mm film footage. 
It is specifically designed to be re- 
versed and rerun all day long with- 
out a hitch, without overheating, 
and without blanking out at the 
instant of reversing. The blower fan 
keeps on blowing whether the film 
is moving or not because it is on a 
separate motor. Built right into the 
carrying case is the Kodak Daylight 
Projection Viewer. There is no need 
to turn the room lights off or pull 
down the shades and no need for a 
bulky screen. The reversing switch 
is on the end of a 5-foot cord for the 
benefit of a projectionist too excited 
to sit still. 

For a demonstration of the Kodak 
Analyst Projector see a Kodak Indus- 
trial or Audio-Visual Dealer. Write 
Eastman Kodak Company, Cine Kodak 
Sales Division, Rochester 4, N. Y., if 


you don’t know where to find one. The 
machine currently lists at $295. 
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ACTH * Growth * Gonadotropes 
Estrogens * Androgens 


Corticoids * Progesterone 
Others 


HYPOPHYSECTOMIZED 
RATS 


ENDOCRINE TOXICITY 
TESTS 


Write for details 


ENDOCRINE LABORATORIES 
OF MADISON, INC. 


5001 W. BELTLINE HIGHWAY ® MADISON, “WISCONSIN 


PHOTOVOLT 


Exposure Photometer Mod. 200-M 


for 
PHOTOMICROGRAPH Y 


Accurate determination of exposure time in 
black-and-white and color photomicrography 


Write for Bulletin #810 to Price $72.— 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 
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Meetings & Conferences 


May 30-31. Society for Investigative Dermatology (An. 
nual). Hotel Belmont Plaza, New York. 

June 1-5. American Medical Association (Annual). New 
York. 

June 4-6. Canadian Society of Microbiologists. Ontario 
Agricultural College, Guelph. 

June 4—6. Chemical Institute of Canada (Annual). Prinee 
Edward Hotel, Windsor, Canada. 

June 5-6. International Congress of Audiology. Leiden. 

June 6-7. International Congress of Bronchology. Utrecht. 

June 7-9. American College of Cardiology (Annual), 
Hotel Statler, Washington, D. C. 

June 7-10. American Leather Chemists Association (50th 
annual). Netherlands Plaza Hotel, Cincinnati, Ohio. 
June 8-13. International Congress of Otorhinolaryngology 

(5th). Amsterdam. 

June 9-13. American Dermatological Association. Lake 
Placid Club, Essex County, N. Y. 

June 10-12. Research and Development Associates (An- 
nual). Mayflower Hotel, Washington, D. C. 

June 10-20. General Chemistry and Analytical Chemistry 
Workshop. Pennsylvania State College. 

June 11-13. International College of Surgeons. Vienna. 

June 12-13. Wilson Ornithological Club. Sheboygan, 
Wis. 

June 12-14. American Medical Technologists (Annual). 
Hotel Hollenden, Cleveland, Ohio. 

June 14-18. American Society of Medical Technologists 
(Annual). Brown Hotel, Louisville, Ky. 

June 14-18. Canadian Gas Association. Windsor Hotel, 
Montreal. 

June 15-17. American Society of Agricultural Engineers 
(Annual). William Penn Hotel, Pittsburgh. 

June 15-17. American Neurological Association (An- 
nual). Hotel Claridge, Atlantic City, N. J. 

June 15-18. American Society of Mammalogists. Amezi- 
can Museum of Natural History, New York. 

June 15-18. American Chemical Society Organic Chem- 
istry Symposium. University of Michigan, Ann: Arbor. 

June 15-19. American Society of Civil Engineers. Miami 
Beach, Fla. 

June 15-19. Canadian Medical Association (Annual). 
Winnipeg. ‘ 

June 15-19. Symposium on Molecular Structure and Spee- 
troscopy. The Ohio State University, Columbus. 

June 15-19. American Institute of Electrical Engineers 
(Summer General). Chalfonte-Haddon Hall, Atlantic 
City, N. J. 

June 15-20. American Association for the Advancement 
of Science. Pacific Division, Santa Barbara, Calif. 
June 15-20. Astronomical Society of the Pacific (with 

AAAS), Santa Barbara, Calif. 

June 15-20. Western Society of Naturalists (with AAAS). 
Santa Barbara, Calif. 

June 15-Sept. 4. Gordon Research Conferences, sponsored 
by AAAS. Colby Junior College, New London; N. H., 
and New Hampton School, New Hampton, N. H. 

June 16-17. Symposium on Impurity Phenomena. Re 
search Laboratory, General Electric. Schenectady, 
N. Y¥. 

June 16-18. Division of Physical and Inorganic Chem 
istry. Summer Symposium. Schenectady, N. Y. 
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“Lindsey's text is one of the best short texts on Evolution I have seen. It is clearly written; its 
illustrations have been chosen with care and finesse; its organization scheme is excellent.” 


Lindsey's Principles of 
RGANIC EVOLUTION 


Instructors in many schools and colleges have 
confirmed our own appraisal of Lindsey’s 
Principles of ORGANIC EVOLUTION. In- 
deed, several have said it is the “answer to the 
‘evolution’ textbook problem.” 

For Lindsey offers his readers a sufficiently 
detailed review of the “grand pattern and great 
processes” or organic evolution to serve either 
as the foundation of intelligent comprehension 
alone—or as a springboard for serious, critical, 
scientific concentration in the subject. 

Most of the recent literature does not offer 
this broad survey—and naturally—that scope 


SAINT LOUIS 


May 29,1953 


—P. A. W., Chairman Biology 
Randolph-Macon Woman's College, Lynchburg, Va. 


necessarily restricts the student and fails in 
developing the comprehensive understanding 
he seeks. 

Lindsey writes for the student as one who 
understands his needs. His experience and 
critical insight into his subject have particu- 
larly qualified him for this method. He writes 
in pleasant, gracious style—and just as a good 
lecturer does, sends his students forth enthu- 
siastically to find their own conquering 
grounds. 

Others who have seen these qualities in his 
book have expressed it as follows: 


“An excellent account of the theory, the evidence for and an outline of evolution.” 


—R. D. R., Assoc. Prof. Biology 
Virginia Polytechnic Inst. 


“I like Lindsey’s factual, unbiased treatment especially of controversial topics.” 


—J. A. F., S.J., Canisius College, 
Buffalo, 


“For years I’ve been looking for a book on evolution which I could give to freshmen students 
to help them answer their questions. This looks like the answer. It is written so they can under- 
stand it. Also like the suggestion of other possibilities.” 


—L. J. G., Prof. of Biology 
William. Jewell College, Liberty, Mo. 


“Just what I am looking for. Will use it next semester.” 
—C. D. D., W. & J. College, Washington, Pa. 


“I am very highly pleased with Dr. Lindsey’s new text on organic evolution. It is clear and con- 
cise, well-written, thoroughly up to date in content, beautifully illustrated, and attractively 
printed and bound. I think the book should have a wide appeal.” 


—M. L. S., Prof. of Biology, 
Westminster College, New Wilmington, Pa. 
Would you like to see a copy for possible use in your classes? 


By ARTHUR WARD LINDSEY, Professor of Biological Sciences in Denison University, Gran- 
ville, Ohio. 375 pages, 216 illustrations. Price $5.75. 


Direct orders and inquiries to 3207 Washington Blvd., St. Louis 3, Missouri. 
[Published by— 


The C. V. MOSBY Company 
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YOUR ad here reaches over 32,000 scientists, including 
foremost scientists in leading educational institutions, 
industrial laboratories and research foundations in 77 
countries—at a very low cost. 
CLASSIFIED: 18¢ per word, 
Box Number counts as 10 additional 
DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is established. 
Single insertion $19.50 per inch 


3.60. Use of 


7 times in 1 year 17.50 per inch 
13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in 1 year 12.50 per inch 


For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


Positions wanreD 


(1) Bacteriologist, Ph.D.; qualified medical and industrial Bac- 
teriology; administrative experience in research and teaching; 
publications, (2) Biochemist, recent Ph.D. (Minor: Organic Chem- 
istry, Physiology) special awards; desires research or teaching 
Wee. *lease write Scientific Personnel Service, 122 
South Michigan Ave., Chicago. x 


POSITIONS OPEN |) ||) 


(1) Women, one with Ph.D., Physiology or Bacteriology, East 
another with M.S., Physics, South; faculty appointments offering 
excellett opportunities. (2) Pharmaceutical Chemists, Ph.D. & 


grees; openings for industrial research and for academic appoint 
ments. Please write Scientific Personnel Service, 122 South Michi 
gan Ave., Chicago. } 


(a) Young physician experienced research ; toxicological laboratory 
leading industrial company; key appointment; East. (b) D 
experienced in Carbon 14, radioactive isotopes; interesting oppor 
tunity with organization ‘specializing in radioactive research. (¢ 
Biochemist—toxicologist to head division, large teaching hospital 
large city, university medical center; West. (d) Physician wit 
background in pharmacology; directorship, biological reserach 
pharmaceutical company; expansion program. (e) Psychologist; 
supervise department, teaching hospital; South. (f) Biochemist and 
bacteriologist, preierably P’ Ph.D,” ’s qualified teaching, to direct d 
visions, teaching hospital; yy $3. 5 Science Division, Medica 
Bureau (Burneice Larson, Director) Palmolive Building, Chicago 


BOOKS . SERVICES . SUPPLIES . EQUIPMENT 


Biochemist; Ph.D. particularly well trained in mammalian physi- 
cology and biochemistry as related to endocrine function; five 
— teaching; several years, director, research in industry. For 
urther information Proms write Science Division, Medical Bureau 
(Burneice Larson, Director) Palmolive Building, Chicago. = 


Biologist, M.S., editorial, abstracting, indexing, and teaching ex- 
perience, languages, desires position, with opportunities for advance- 
ment, in literature research, editing, etc. Box 109, SCIENCE. X 


Biologist (especially botany), B.S., publications, experienced in 
editing, abstracting, indexing, desires position with scientific pub- 
lication or institution in East. Box 107, SCIENCE. xX 


Biophysicist, Ph.D. statistical training. Experienced in research 
(applied physiology, cytochemistry, Parasitology: optics) and teach- 
ing. Desire position East. Box 111, SCIEN XxX 


Botanist; Morphologist, Pathologist; Ph.D. 
Chemistry ), experienced college teachin 
desires academic or commercial position. 


(Minor : 
writing and researc 
fox 112, SCIENCE. X 


—The MARKET PLAGE) 


CLASSIFIED: 25¢ per word, minimum charge $6.00. Use of 
Box Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad. 

DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is established. 

$19.50 per inch 

17.50 per inch 


1 
52 ry in 1 12. 50 per inch 


For roces on copy must reach SCIENCE 4 
weeks before bay of 7 iday of every week). 
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LINGUAPHONE MAKES EASY 
At home 
Russian, 


Literature Researcher, biologist, long experience in abstracting and 

indexing, laboratory and herbarium experience in mycology, Ger- 

man equivalent of M.A., publications, desires position with scien- 

tific . research laboratory, or publisher. Box 108, — 


Nutritionist; age 30; Ph.D. from large midwestern university. 
Minors in physiology "and biochemistry. 1% years professional ex- 
perience. Desires research position with industrial or educational 
institution. Box 105, SCIENCE, xX 


Zoology. Master’s. Desires wating or clinical position in Para- 
1 


sitology. Interested in trematodes. awe teaching experience. 
Available in August. Box 106, SCIEN 6/5; 12 
Zoologist; Ph.D.; 1952. Age 35. Available September. Desires 


research position. Interested in cancer momen endocrinology ; 
tissue differentiation. Box 103, SCIENCE 5/22, 29 


Opening: State University Zoology department Southwest. Bache- 
lor’s degree, training in Zoology (Biology); ability to maintain 
instruments, animal colonies, prepare laboratory materials, $3600. 

Box 110, SCIENCE 6/5; 12 


Unusual oe eg for experimental biologist or animal psychol- 
ogist, developing animal behavior for new, expanding applied field. 
Research ae Animal Behavior Enterprises, Keller Bee 
land, Route 2, Hot Springs, Arkansas. 


World 
Send for FREE book TODAY. cht ai 


work and mone 
INSTITUTE, 05 Mezz., Rock. Plaza, New York 20 


WANTED TO PURCHASE ... and runs, 

SCIENTIFI and BOOKS collections wanted. 
WALTER J. JOHNSON @ 125 East 23rd St.. New York 10, N.Y. 


Your sets and files of scientific journals 
are needed by our library and inetitatiqnsl customers. Please 


us lists and description of periodical files you are Kon to sell 
at high market prices. Write Dept. A3S, i$. & CANNER, INC 
ton 19, Massachusetts 


SCIENTIFIC BOOKS and PERIODICALS WANTED | 
nee librarie ‘ets and runs—Single titles 
Also, please send us your want lists. 


STECHERT - HAFNER, INE. 
31 East 10th St., New York 3 
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@ Tell us what you want!—What 
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gy, Eas} PROFESSIONAL SERVICES 
Ph.D. deft 

appoint 

LABORATORY SERVICES 
aboratory 

) PhD. 

alg: Project research and consultation in 
hospital Biochemistry, Chemistry, Bacteriology 
and Entomology 

a Mineral determinations including sodium and 
direct di fluorine * Proximate analyses * Vitamin and 
ane amino acid assays © Food chemistry and 


microbiology 
Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


BOX 2059 bd MADISON 1, WISCONSIN 


LOOKING FOR A PUBLISHER? 


Write for Free Booklet SC telling how we can publish 

your book. All subjects considered. New authors welcome. 

YANTAGE PRESS, Inc. @ 120 W. 31 St., New York 1. 
In Calif.: 6356 Hollywood Bivd., Hollywood 28 


SUPPLIES AND EQUIPMENT | 


White Albino Rats; Wistar strain, established since 1939. We are 
breeders, not dealers. Our open for at all times, 
Edgewood Breeding Farm, R.F.D. #2, Rahway, N. J. 5/22, 


AMPOULES 
For sealing Semples in Ampoules 
Flint glass containers—8 eapacity—with 
necks for be hermetically against 


influences . . . and for samples that are volatile or 
rite for Free Sample NS 
R. ‘Cargill Laboratories, Inc. 
117 Liberty S$ New York 6, 6, N. Y. 
|[(THIS is the EXACT SIZE RECTANGLE | Sreuments 
on the Field Finder containing 
over OO lines and indicia, do. 201-050-150 
They form a simple, non-marking Micro-Slide 


device for the microscopist to re- 
locate fields of interest in a 
fslide-mounted specimen, Other 
advantages: Suverbd precision- 
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tructive; used by substitution, | COMPANY 


SILVER SPRING. MD. 
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2 HEXAMETHYL ACETONE 

PENTAMETHYL ACETONE 
FLUOROBENZOIC ACID (o- m- p-) 

Write for copy of price list 


CUSTOM CHEMICAL LABORATORIES 
a 2054 N. Cicero Ave., Chicago 39, Ill, aa 


For CONSISTENT Rats .. . 
@ BUDD MT. RODENT FARM 
@ CHESTER, N. Jj. 
Breeders of a recognized strain of Wistar. 


PARASITOLOGICAL 
PREPARATIONS 
e high quality—low priced. Write for catalog 
P.O. Box 2227, 


TROPICAL BIOLOGICALS @ San J P Ri 


For Uniform Clinical and Research Determinations 
SWISS ALBINO MICE 
ALBINO RATS 
N. Z. WHITE RABBITS 
Annual production 130,000 


Bio-Lab. Breeding Institute 
Bainbridge, N. Y. 


Phone 3224 
Box 597 
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BIND °’EM..., 
and you'll 
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The MARKET PLAGE 


SUPPLIES AND EQUIPMENT 


1953 D IGEST 
CARGILE LABORATORY AIDS 


Just write for Digest $ 


R. P. CARGILLE LABORATORIES, INC. 


117 Liberty St. 2 New York 6, N. Y. 
@ RARE 
S | A I N ~ @ COMMON Keep your copies of SCIENCE always available for quick, 
Price list on Request easy reference in this attractive, practical binder. Simply 
STARKMAN Biological Laboratory ° feronts”” snags snap the magazine in or out in a few seconds—no punch- 


ing or mutilating. It opens FLAT—for casy reference and 
readability. Sturdily constructed—holds 26 issues. 


[eat wil make 2 fine addition to your library, Only 
SPRAGUE-DAWLEY, INC. postpaid (persona check Money Orde please) Nan 


of issue, 40¢ extra. ORDER YOURS NOW! 


Pioneers in development of the 
standard laboratory Albino rat 


Box 2071 + Madison 5, Wisconsin + Phone 35318 SCIENCE @ 1515 Mass. Ave., N.W., Washington 5, D.C. 


April 17 25c Postpaid 96 pages 
CONTENTS 
SCIENCE, POETRY, and POLITICS Eric Larrabee 
SOME COMMENTS on POPULAR-SCIENCE BOOKS John Pfeiffer 
SCIENTISTS CAN TALK to the LAYMAN ohn W. Hill and James E. Payne 
SELLING BOOKS to SCIENTISTS Martin Matheson 
On the Astin Dismissal — The Science Library — 39 book reviews 
News and Notes -—- Comments and Communications 
Also available: SCIENCE ANNUAL BOOK ISSUE of prior years 


Science subscription: $7.50 per year, ostage abroad 
Special subscription rates to A bers 


TO: SCIENCE, 1515 Massachusetts Avenue, N.W., Washington 5, D. C. 


Enclosed find $...... for the ANNUAL BOOK ISSUE of SCIENCE oe 25¢ 
-. copies 1953, .... copies 1952, .... copies 1951, .... copies 1950, .... copies 1949, 
Please send the copies indicated to my abdaas +++. copies 1948. 


(CD Please enter my subscription for one year to SCIENCE. 
CO Please send AAAS membership rates for SCIENCE. 
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Animal Biology Textbook Series 


Now Edited by H. Munro Fox, F-.R.S. 
Previously Edited by Julian S. Huxley, F.R.S. 


G. S. Carter—-A General Zoology of the Invertebrates, 3/e 


This new revised edition now contains re- 
search effected since the publication of the 
second edition in 1946. The book, for use 
with a text of invertebrate zoology, is a 
presentation of more general zoological prob- 


lems. It assumes a basic knowledge of animal 
biology and of invertebrate morphology, and 
discusses questions particularly interesting 
from the point of view of animal biology and 
ecology. $5.75 


G. R. deBeer — Vertebrate Zoology 


This revised edition includes a presentation 
of vertebrate types, a comparative treatment 
of organ systems, and a study of the evolu- 
tion of vertebrate animals. Completely re- 


vised and up to date, the book contains new 
sections reflecting the more important ad- 
vances in the knowledge of vertebrate zool- 
ogy. $5.50 


Sven Ekman — Zoogeography of the Sea 


The various zoogeographical regions of the 
world and their fauna are explained and 
located in this revised text. All students of 
faunistries, taxonomy, ecology, physiology, 
plant geography, oceanography, climatology, 


geomorphology, and paleontology will find 
this study a valuable step in their understand- 
ing of the ever-changing life of the faunas of 
the sea. There are many helpful charts, tables, 
and illustrations. $6.50 


Other Titles in This Series 


ANIMAL ECOLOGY—by Charles Elton. 


LIFE IN INLAND WATERS—by Kathleen Carpenter 


209 pp. $3.25 
267 pp. $4.50 


ANIMAL EVOLUTION—A Study of Recent Views of its Causes—by G. S. Carter 368 pp. $4.50 
ZOOGEOGRAPHY OF THE LAND AND INLAND WATERS—by L. F. de Beaufort 


208 pp. $5.00 


PARASITISM AND SYMBIOSIS—by M. Caullery 340 pp. $5.50 
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60 FIFTH AVENUE, NEW YORK 11 
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SPECTROPHOTOMETER 


The remarkable speed of this new patented AO 
Instrument has caught the imagination of scientists 
everywhere. It offers untold possibilities in monitoring 
flowing processes, following transient phenomena, 
comparing transparent liquids, gases, and solids. A 
reflection attachment produces curves from opaque 
materials. 


Tracing 60 separate curves per second on the face of 
a cathode ray tube, the AO Spectrophotometer fuses 
them into a “moving picture” of color changes over 
the entire visible spectrum from 400 to 700 milli- 
micron wave length. A roomy sample chamber accom- 
modates transparent samples up to 100mm thick. A 
reflection attachment will produce data from opaque 
surfaces as small as 1 inch square. Permanent records 
can be made with any of the standard 5” oscilloscope 
cameras. 


the AO Rapid-Scanning Spectrophotometer at 
your earliest convenience. For further information, 
write Dept. Ss. 


American Optical 


INSTRUMENT DIVISION 
BUFFALO 15, NEW VORA 
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